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Preface 


Ramadan is the ninth month of the lunar Islamic calendar during which it is compulsory 
for adult healthy Muslims to fast from dawn to sunset. As Muslims observe this practice 
annually, it is interesting to assess how the changed lifestyle that characterizes Ramadan 
would influence their health, psychology and sport performance. 
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Forewords 


Dr. Hamdi Chtourou is a well-recognized researcher in the area of sports science. He has 
published quiet extensively in the area of Ramadan fasting and is well-placed to provide the 
leadership in this book. 


There has been a recent surge of studies in the scientific literature examining the effects of 
Ramadan fasting on health and exercise performance within the last few years, possibly due 
to the enormous publicity generated by the London Olympic Games, which was held during 
the Ramadan month. Ramadan fasting is a perennial event that cannot be avoided and thus 
there is a cogent need for scientific and evidence-based research on the effects of Ramadan 
fasting on health and exercise performance. It is hopeful that the information gleamed 
from these compiled reviews will provide the knowledge and impetus to further investigate 
the influence of Ramadan fasting on health and exercise performance and drive future 
researchers to formulate specific strategies to minimize the impact of Ramadan fasting on 
Muslim athlete’s health and exercise performance. 


Abdul Rashid Aziz 


I know Dr. Hamdi Chtourou from a long time. He is a nice person, a good friend and a hard 
worker. We belong to the same research team. From the beginning of his career, Dr. Chtourou 
was professional, prompt and always looking for excellence. Moreover, he is an essential 
part of my scientific career. We made several researches together in several fields such as 
chronobiology and Ramadan fasting. When we work together, Dr. Chtourou’s suggestions 
are always valuable and allow me to improve my skills. I wish that this opportunity will open 
to us new windows and will make our collaboration richer and more successful.” 


“The content of the present book is practical for people in different health conditions. Indeed, 
the chapters deal with the effect of Ramadan fasting on aspects related to health and some 
diseases, as well as the impact of fasting during Ramadan on some key factors of sport 
performance.” 


Asma Aloui 


Ramadan is one of the five pillars of Islam. Even though patients and pregnant women, 
among the others, are exempted from observing this duty, they may be eager to celebrate this 
particular moment. However, there are no guidelines that can help physicians to properly 
address this issue. For this purpose, Dr. Hamdi Chtourou has edited this book, “Effects of 
Ramadan Fasting on Health and Athletic Performance,” that undoubtedly represents an 
important advancement for providing evidence-based suggestions and recommendations, 
as well as useful insights on the impact of Ramadan on the athletic performance. Dr. 
Hamdi Chtourou is a recognized scientist and athlete. He holds several sports diplomas, 
two masters and a PhD in biological sciences. Currently, he works as Assistant Professor at 
High Institute of Sport and Physical Education, Sfax University, Tunisia. He is author/co- 
author of more than 60 peer-reviewed manuscripts and serves on different editorial boards 
of international journals. 

Nicola Luigi Bragazzi 
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Introduction 


Ramadan fasting is a religious obligation followed annually by Muslims. This practice 
consists of a total abstinence from some behaviors such as eating, drinking and smoking 
during the span between dawn and sunset. Studies dealing with the effects of Ramadan were 
focused on several topics. Most published studies have examined either medical aspects 
related to fasting during Ramadan or the pattern of features related to sport performance 
during Ramadan. In this book, the chapters discusses several topics related to the effect of 
Ramadan on sport performance, training-induced adaptations, Muslims’ psychology, sleep, 
sports nutrition, health and some patients with chronic diseases. 
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Ramadan and Oral Pathologies 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though 
patients are exempted from observing this religious duty, they could be willing to take part 
into the religious ceremonies. Here, we review the extant literature focusing on the impact of 
Ramadan fasting on patients suffering from oral pathologies. From the collected evidences, 
we can claim that: 1) trans-cultural counseling of patients suffering from oral diseases is 
extremely important; 2) Muslim subjects could experience malodour and halitosis; the exact 
etiology of this phenomenon is complex, due to the accumulation of sulphur-containing 
compounds in the oral cavity, a decrease in salivation and changes in the oral microflora. An 
accurate oral hygiene when breaking the fast is recommended, for example using miswak 
which has anti-bacterial properties; 3) dental operations can be performed using special 
precautions, changing drugs and administering intramuscular or trans-dermal treatment 
instead of oral agents; appointments can be delayed or postponed, if necessary and possible; 
4) patients with chronic systemic diseases, and especially metabolic disorders, such as 
diabetes, should take care of their oral cavity; 5) mouthwash and mouth-rinsing without 
water swallowing are allowed practices in Islam and ameliorate athletic performances, even 
though some patients or subjects could be reluctant to do it, perceiving these practices as 
a break of the fast. 


Keywords: Dentistry; Halitosis; Miswak; Oral Pathologies; Oral Surgery; Ramadan 
Fasting 


Ramadan Fasting 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), has 
a great importance and meaning for all the Muslims in the world. Abstinence from eating 
and drinking, sexual intercourses, characterize this period. It is a month of intense and 
special prayers (such as the tarawih). Usually, patients are exempted from observing these 
rules, even though they may ask their doctors whether they can fast without experiencing 
injurious effects [1]. 
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Darwish [2] has identified three main issues that may be encountered by a dentist during 
the clinical practice while addressing the needs of a Muslim client during the Ramadan 
fasting month: namely the halitosis and the oral hygiene practices, the compliance to 
treatment, and the oral surgery. 


Ramadan, Halitosis and Changes in Oral Microflora 


The first issue concerns the increased presence of sulphur-containing compounds 
present in the oral cavity, the decreased salivation and the modified oral microflora, which 
can cause a marked malodour and halitosis. This may be misdiagnosed as being associated 
with poor oral hygiene practices or oral disease. The odor may be reduced with a proper 
debridement with dentifrice or miswak while breaking the fast. 


Semiyari and collaborators [3] considering that dental caries, periodontal diseases 
and other oral pathologies are complex disorders arising from an interaction between diet 
and natural oral microflora and given that the fasting period in holy month of Ramadan 
represents a change in diet (that is to say, in time and amount of food intake) and in 
oral hygiene practices, explored Ramadan-induced modifications in oral microflora. They 
carried out a descriptive, case-control study, recruiting 100 high school students between 
15-20 years old. They found statistically significant differences between Gram-positive 
cocci, Gram-positive bacilli, Gram-negative bacilli, Gram-negative spindle shaped bacteria 
frequency in fasting and no fasting subjects. 


However, while advising the patient, dentists should be aware of the following hadith: 
“The smell of the mouth of a fasting person is better than the smell of musk in Allah’s Sight” 
(reported by Sahih Bukhari, Muslim and Abu Huraira). 


Ramadan and Compliance to Treatment 


The second issue concerns the patients’ beliefs and knowledge of what is permissible 
and what is not during the Ramadan month. The administration of drugs may be wrongly 
considered haram (that is to say, not licit and permissible). The water spray from a hand 
piece, the water to rinse and prophylactic pastes may be inadvertently swallowed and so 
a patient may refuse such treatment while fasting. Swallowing one’s own saliva is not 
forbidden (haram), while most patients believe that it is. Furthermore, some perceive the 
introduction of a foreign object in the mouth, even a toothbrush, as breaking of the fast, 
thus not collaborating during the oral examination. This issue is extremely important for 
the compliance and adherence to treatment [4-8]. 


Medication route and delivery/ 


type of drug administration Permissibility for fasting patients Precautions/exceptions/warnings 


Oral medication Not permissible (haram, it invalidates the 


fast) Emergencies resulting from acute diseases or 
deteriorating chronic ones; when harm may 


Medication by injection result from non taking medication 


Permissible Injection is non-nutritional (opinions vary) 
— Care taken to avoid swallowing 

Mouthwash/mouth rinsing MN . , 

, : Permissible Patients may prefer to have alternative 
Varnish (sustained-release of Bop , , 

; Permissible treatment, or treatment outside fasting hours 
fluoride) - 

Patients may be reluctant so better to delay or 
Baie eannenan eanGnis Permissible re-schedule treatment 
Baas Permissible 


Local anaesthesia 


Table 1: Recommendations for patients suffering from oral pathologies (slightly modified from [4] and [5]). 


Ramadan and Oral Surgery 


A patient suffering from an acute oral pathology in case of emergency or with a 
deteriorating chronic illness could break the fast if harm would result from not taking the 
proper treatment. If possible, the dentist can delay or re-schedule the appointment meeting 
with the patient’s spiritual needs, postponing it after Ramadan or late in the afternoon/ 
evening. This can be done for example for elective surgical procedures. 


In case of acute surgical operations, such as tooth extraction, since gluconeogenesis 
may cause syncope, the dentist should use a glucometer before and during treatment. The 
supine position may also prevent syncope. In particular cases, glucose can be administered 
orally. If dental extraction can be delayed, a preliminary pulpal extirpation can be done, 
suturing the dental sockets in order to eliminate the need for liquid hemostatic agents 
and involuntary liquid swallowing (saliva, blood), as well as using lasers for an accurate 
hemostasis. 


In some cases, the dentist can change the treatment, administering an intramuscular or 
trans-dermal drug instead than an oral one, possibly with a long duration of action. 


In some Arabic countries, dentists have tried to organize some “Ramadan clinics” and 
pre-Ramadan dental checkups. This could favor the compliance to treatment. Albarakati 
[9], indeed, assessed the factors for failed appointments among 200 female patients 
attending a dental school clinic, carrying out a cross-sectional survey. The author found 
that the patients who broke their appointments were married, housewives, above 40 years 
in age, and of low-to-middle socioeconomic status. The most common reason for failed 
appointments was Ramadan fasting (79.1 percent). 


Ramadan and General Pathologies with an Oral Involvement 


Last but not least, a further issue regards patients with chronic conditions which 
could lead to an oral involvement or frank oral pathologies. Jaleel and collaborators [10], 
considering that severe periodontal disease often coexists with diabetes and increases its 
severity and associated complications, suggest a proper control and treatment of chronic 
oral diseases. This is essential for achieving long-term glycemic control in patients suffering 
from periodontal disease like gingival disease, chronic periodontitis, aggressive periodontitis, 
necrotizing periodontitis or periodontal abscess. 


Ramadan and Oral Health in Athletes 


Che Muhamed and co-workers [11] performed a study aimed at examining the effect of 
mouth rinsing during endurance cycling in a hot humid environment recruiting 9 trained 
adolescent male cyclists. The authors found that mouth rinsing with either carbohydrate or 
placebo solution provided ergogenic benefits. 


Ramadan and Oral Health: Some Ahadith and Fatawa 


Sahih Bukhari in the Volume 3, Hadith number 154 reported: “Narrated Abu Huraira: 
The Prophet said, “If somebody eats or drinks forgetfully then he should complete his fast, 
for what he has eaten or drunk, has been given to him by Allah.” Narrated ‘Amir Bin Rabi a, 
“I saw the Prophet cleaning his teeth with Siwak while he was fasting so many times as 
I can’t count.” Aisha said, “The Prophet said, “It (i.e. Siwak) is purification for the mouth 
and it is a way of seeking Allah’s pleasures.” Ata’ and Qatada said, “There is no harm in 
swallowing the resultant saliva.” 





Figure 1: Miswak. 


Amir Ibn Rabia narrated: “I saw Hz. Muhammad (PBUH) using a miswak while fasting 
more times than I can count.” (Bukhari, Sawm: 27; Abu Dawud, Savm: 26; Tirmidhi, Sawm: 
29). Ibn Umar Radiyallahu Anhuma reported: “The fasting person uses miswak at the 
beginning and end of the day.” (Bukhari, Sawm 25). 


While is understood that the use of miswak belongs to Sunnah, according to Imam Abu 
Yusuf, it is makrooh (not recommended) for the fasting person, to use a miswak dampened 
with water. Imam Azam and Imam Muhammad think exactly the contrary. However, using a 
toothbrush with toothpaste is definitely makrooh when fasting. It is necessary to avoid using 
it even though it does not invalidate the fast. 


Moreover, miswak has precious properties. Naseem and collaborators [12] reported 
that miswak (twigs from Salvadora persica) has been found to have precious inhibitory 
antimicrobial effects against P. gingivalis, A. actinomycetemcomitans, H. influenzae and less 
against S. mutans and L. acidophilus. This was confirmed by another study [13]. 


Conclusion 


From the collected evidences, we can claim that: 


1) Trans-cultural counseling of patients suffering from oral diseases is extremely 
important [14,15]. 


2) Muslim subjects could experience malodour and halitosis; the exact etiology of this 
phenomenon is complex, due to the accumulation of sulphur-containing compounds 
in the oral cavity, a decrease in salivation and changes in the oral microflora. An 
accurate oral hygiene when breaking the fast is recommended, for example using 
miswak which has anti-bacterial properties; 


3) Dental operations can be performed using special precautions; 


4) Patients with chronic systemic diseases, and especially metabolic disorders, such as 
diabetes, should take care of their oral cavity; 


5) Mouthwash and mouth-rinsing without water swallowing are allowed practices in 
Islam and ameliorate athletic performances, even though some patients and subjects 
could be reluctant to do it, perceiving these practices as a break of the fast. 
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Abstract 


Ramadan fasting represents the ninth month of the Muslim lunar calendar and 
the fourth of the five pillars of the Islam creed. Even though patients and pregnant 
women are exempted from observing this religious duty, they may be willing to share 
this particular moment of the year with their family and peers, by attending the special 
prayers (such as the tarawih), social gatherings and other ceremonies. However, there 
are no guidelines or standardized protocols that can help clinicians to properly address 
the issues and concerns of patients and pregnant women eager to fast in Ramadan and 
correctly advising them. Despite the extensive body of studies conducted on Ramadan 
fasting, no clear information is available concerning the changes of immunity system 
during the fasting month. We systematically searched ISI Web of Science (WoS), Scopus, 
MEDLINE/PubMed, Google Scholar, DOAJ, EbscoHOST, Scirus, Science Direct, the 
Cochrane Library and ProQuest. We used a proper string made up of a combination of 
key-words such as “Islam”, “Ramadan”, “Fasting” and “Immunity”. 30 original research 
articles were included in the current review: 14 studies focusing on immunity changes 
in healthy subjects, 7 in athletes, 5 in patients with metabolic disorders, 3 in individuals 
suffering from cardiovascular diseases and hypertension, and only 1 in pregnant 
women. From the collected evidences, we can conclude that: 1) Ramadan fasting does 
not result in severe immunological disturbances, being all the changes transient and 
recovering to normal values and ranges after the fasting month; 2) maternal fasting 
during the second trimester does not have a significant impact on maternal oxidative 
stress, fetal development or fetal birth weight; 3) Ramadan fasting can have beneficial 
effects on patients suffering from metabolic disorders (obesity and diabetes mellitus); 4) 
Ramadan fasting can have positive effects on patients with stable cardiac diseases and 
hypertension, improving cardiovascular, lipids profile and oxidative stress; 5) Ramadan 
can affect and impair the activity of athletes. However, the majority of the studies has 
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been conducted among healthy volunteers and there is a dearth of data about patients 
suffering metabolic and cardiovascular diseases. No data are available for patients with 
autoimmune disorders. Further research in the field is urgently needed. 


Keywords: Athletes; Biological Pathway and Network; Cardiovascular Diseases; Diabetes 
Mellitus; Hypertension; Immunity System; Metabolic Disorders; Obesity; Oxidative Stress; 
Pregnancy; Ramadan Fasting 


Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), is 
particularly blessed and of great value and significance among Muslims, representing the 
month of the descent of the Qu’ran. Ramadan is not only abstinence from food and drinking, 
but also from smoking, medication and sexual intercourses (Surat 2 “Al-Bagarah’, ayyat 
183 and following verses). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of 
alternate fasting and feasting (re-feeding) periods [1]. The fast is broken, taking two 
traditional meals, pre-dawn meal which is termed as suhoor, whilst after-sunset meal is 
called iftar. Ramadan duration is variable (29-30 days), mean fasting duration is usually 
12-14 hours, but depending on the place and the year it can last also up to 18 hours [1] or 
even 22 hours, in the extreme latitudes regions [1]. 


Patients and pregnant women are exempted from this religious duty (Surat 2 “AI- 
Baqarah”, ayyat 185-186). However, they could be willing to fast and share the spirituality 
of this month with their family and peers, by attending the special prayers (such as the 
tarawih, usually prayed in pairs of two in at least 20 raka‘at according to Hanafis and Shafi’ 
schools, while some scholars believe that 8, 12 or 20 raka‘at can be done, with a break after 
every 4 rak’ah), social gatherings and other special ceremonies [3]. 


The effects of Ramadan fasting on human physiology and physiopathology is not a mere 
academic and speculative topic or of limit interest for only the Arabic countries. It has instead 
clinically relevant and pragmatic implications: in a globalized society, the physicians have 
to face with issues like the management of diabetes mellitus and Chronic Kidney Diseases 
(CKDs) in Muslim patients that want to fast during Ramadan [4]. However, information is 
sparse and no guidelines or standardized protocols exist [4,5]. 


For these reasons, we carried out an extensive overview on the impact of Ramadan 
fasting on the immunity system. 


Materials and Method 


We systematically searched ISI Web of Science (WoS), Scopus, MEDLINE/PubMed, 
Google Scholar, DOAJ, EbscoHOST, Scirus, Science Direct, the Cochrane Library and 
ProQuest. We used a proper string made up of a combination of key-words such as “Islam”, 
“Ramadan”, “Fasting” and “Immunity”. 


Gray literature was also manually searched. Review articles or research manuscripts not 
pertinent with the aim of this systematic review were excluded, while all the other research 
articles (including editorials, letters, case reports) were retained. No time and language 
filters were applied. 


Topic References 


Akrami Mohajeri et al., 2013 [11] 
Chennaoui et al., 2009 [12] 
Develioglu et al., 2013 [10] 
Faris et al., 2012a [9] 

Faris et al., 2012b [18] 
Ibrahim et al., 2008 [17] 
Lahdimawan et al., 2013a [13] 
Lahdimawan et al., 2013b [14] 
Lahdimawan et al., 2014 [15] 
Latifynia et al., 2007a [6] 
Latifynia et al., 2007b [7] 
Latifynia et al., 2008 [8] 

Sulu et al., 2010 [19] 
Zainullah et al., 2005 [16] 


Immunity System and Pregnant Women Ozturk et al., 2011 [20] 


Al-Shafei, 2014a [24] 
El-Gendy et al., 2012 [25] 
Immunity System and Metabolic Disorders Radhakishun et al., 2014 [23] 
Shariatpanahi et al., 2012 [22] 
Unalacak et al., 2011 [21] 


Al-Shafei, 2014b [28] 
Immunity System and Cardiac Diseases Khafaji et al., 2012 [26] 
Nematy et al., 2012 [27] 


Abedelmalek et al., 2011 [31] 
Aksungar et al., 2007 [30] 
Chaouachi et al., 2009 [29] 

Immunity Systems and Athletes Hammouda et al., 2013 [32] 
Hammouda et al., 2014 [33] 
Maughan et al., 2008 
Trabelsi et al., 2012 


Immunity System and Healthy Subjects 


Table 1: Studies divided according to their main topic. 


Immunity Changes in Healthy Individuals 


Latifynia and collaborators [6] studied neutrophil respiratory burst (innate immunity) 
in a sample of 24 male healthy volunteers (aged 18-35 years, mean age 26.5) using 
chemiluminescence method. No statistically significant changes in innate immunity were 
observed before and after Ramadan. 


The same authors [7] investigated the impact of Ramadan fasting on Circulating 
Immune Complexes (CICs) using the polyethylene glycol precipitation method, quantitative 
chemiluminescence and circulating immune techniques, before and after Ramadan. They 
assessed a convenience sample of 28 healthy medical students residing in dormitory of 
Tehran University, out of an initial list of 120 individuals. The mean age of the students 
was 26.2 years. The mean CIC level was 2.04 + 1.86 before Ramadan and 2.63 + 2.1 after 
Ramadan (p-value >0.05). The authors found that CIC level was increased in 17 cases and 
decreased in 11 cases, only 6 cases were out of normal range after Ramadan, and only 1 case 
of the 6 increased cases had high CIC level before and after Ramadan. Only 3 cases had low 
CIC level before Ramadan that remained abnormal after Ramadan. 3 cases decreased and 
set to normal group and one case remained in the abnormal group. The authors concluded 
that there was no significant difference between the CIC level before and after Ramadan. 


The same authors [8] investigated neutrophil respiratory bust in a sample of 21 male 
students at Tehran University, Tehran, aged 18-35 years (mean 26.5). In 11 cases, the 
changes of chemiluminescence were in normal range, while 6 cases had CIC changes in 
normal range. In 9 cases the changes were in normal range which 2 cases had normal level 
of CIC, before and after Ramadan, the CIC levels in 3 cases was abnormal, however after 
Ramadan, the values were returned to normal, In spite, in 4 cases CL was normal, that 
their normal values of CIC changed to abnormal, after Ramadan. Finding that there were 


no significant changes in the activity of circulating neutrophils and CIC levels before and 
after Ramadan, the authors concluded that Ramadan fasting has no effect on neutrophil 
respiratory burst. 


Moreover, a correlation between CIC and neutrophil respiratory burst was found. 


Faris and co-workers [9] carried out a cross-sectional study recruiting fifty (21 men 
and 29 women) healthy volunteers for the investigation of circulating pro-inflammatory 
cytokines (IL-16, IL-6, TNF-a), immune cells (total leukocytes, monocytes, granulocytes, 
and lymphocytes). The pro-inflammatory cytokines IL-1, IL-6, and TNF-a were significantly 
lower (p-value <0.05). Immune cells significantly decreased during Ramadan, however within 
the reference ranges. These results indicate that RIF attenuates inflammatory status of 
the body by suppressing pro-inflammatory cytokine expression and decreasing circulating 
levels of leukocytes. 


Develioglu [10] and collaborators collected blood and saliva samples one week before and 
during the first week of Ramadan from 35 healthy male volunteers, aged 20-59 years (mean 
age 35.86 years). Total lymphocyte count and IgG and IgM concentrations were determined 
in serum, as well as salivary IgA. Serum IgG concentrations decreased significantly during 
Ramadan compared with before fasting, but were still within the normal range. Salivary 
IgA concentrations also decreased significantly, whereas serum IgM levels did not change. 
Lymphocyte numbers increased significantly, but there was no correlation between Ig levels 
and lymphocyte count. 


Akrami Mohajeri [11] and collaborators studied CXCL1, CXCLI1O and CXCL12 
chemokines, using ELISA assay, in a sample of 58 healthy subjects, aged 20-40 years. The 
authors found decreased levels of pro-inflammatory CXC chemokines but unaltered levels 
of homoeostatic ones. The scholars concluded that fasting is important in controlling of 
inflammation via chemokines. 


Chennaoui and coauthors [13] recruited 40 healthy volunteers of normal weight, 20 
females aged 20-38 years, 20 males aged 23-39 years compared with another 28 healthy 
age- and BMI-matched volunteers (14 males, 14 females) who did not fast. Serum IL-6, 
C-Reactive Protein (CRP), homocysteine was measured. IL-6, CRP and homocystein levels 
were significantly low during Ramadan in the fasting subjects of both genders when 
compared to basal values. 


Lahdimawan and co-authors [14] studied the effect of Ramadan on the levels of 
Complement C3, inducible Nitric Oxide Synthase (iNOS), Superoxide Dismutase (SOD) levels 
in serum and Peripheral Blood Mononuclear Cells (PBMC) in 30 healthy male volunteers. The 
authors found that Ramadan has a beneficial effect on host defense against Mycobacterium 
tubercolosis and decreases the risk of tuberculosis infection in healthy subjects. 


The same authors investigated the functions of macrophage activity in a sample of 27 
male healthy volunteers aged 18-22 years (mean age 20.26 + 1.13 years). Macrophage IFN- 
gamma, TNF-alpha, iNOS increased, while SOD decreased. The authors concluded that 
Ramadan altered classically activated macrophage regulation and signaling and increased 
macrophage function, reducing macrophage oxidative stress. 


A further study performed by the same authors [15] investigated the impact of Ramadan 
on endorphin and endocannabinoid and levels. 27 healthy volunteers male aged 18-22 
years (mean age 20.26 + 1.13 years) who fasted during Ramadan participated in the study. 
Endorphin in the serum, PBMC and macrophage increased, as well as endocannabinoid in the 
serum, but endocannabinoid in the macrophage decreased. No change for endocannabinoid 
in the PBMCs. Ramadan has sublte effects on endocannabinoids and endorphins. 


Zainullah and co-authors [16] studied the change of psychoneuroimmunological response 
among 13 individuals, measuring neutrophil, lymphocyte, monocyte, IgG and cortisol. On 


the fifth day of the fasting, cortisol, IgG, and monocyte increased, while neutrophil count 
decreased. On the 16 day, cortisol, neutrophil, and monocyte count increased, while IgG 
level decreased. Towards the end of Ramadan, the level of these parameters returned in the 
previous range. 


Ibrahim and co-workers |17] studied 14 healthy volunteers (9 men and 5 women aged 
25-58 years), measuring Malondialdehyde (MDA), glutathione, glutathione peroxidase and 
catalase. Erythrocyte MDA decreased, while the reduction in lipid peroxidative damage in 
erythrocytes was slight. 


Faris and collaborators [18] investigated the oxidative stress in 50 healthy subjects (23 
men and 27 women), measuring the 15-F (2t)-Isoprostane (15FIP). 15FIP increased and 
correlated with the body weight and total body fat percent. 


Sulu and co-workers [19] investigated malondialdehyde and glutathione levels in 45 
healthy volunteers (22 females, 23 males, and mean age 28.7 years, range 21-51 years). 
Malondialdehyde levels increased in both genders; however the increase was statistically 
significant only in female subjects. Glutathione levels decreased in males, while increased 
in females. Ramadan could cause oxidative stress in particular subjects depending on some 
factors such as socio-economic conditions, nutritional habits, and gender. 


In conclusion, Ramadan fasting has a modulatory effect on chemokine network, oxidative 
stress pathway, adaptive and innate immunity. 


Immunity Changes in Pregnant Women 


Ozturk and collaborators [20] investigated the impact of Ramadan on the immunity 
system of pregnant women in a prospective controlled matched study of 42 fasting and 30 
non-fasting pregnant women. Total Antioxidant Status (TAS), Total Oxidant Status (TOS) 
and the Oxidative Stress Index (OSI) were measured from maternal serum samples taken on 
a fasting day during Ramadan. No significant differences were observed between the groups 
studied in terms of TOS, OSI, maternal age, gestational age, parity, birth weight or weight 
gain during the pregnancy. The TAS level was evaluated as significantly higher (p-value 
=0.027). 


In conclusion, Ramadan fasting has no impact on pregnancy. 


Immunity Changes in Patients with Metabolic Disorders 


Unalacak and co-workers [21] recruited 10 obese males (7 suffering from a clinically 
diagnosed metabolic syndrome) and 10 males with a normal Body Mass Index (BMI). Serums 
White Blood Cells (WBC) count, IL-2, IL-8, TNF-a were significantly lower in both groups 
compared to pre-Ramadan values. 


Shariatpanahi and co-authors [22] studied 65 male with metabolic syndrome, evaluating 
hs-CRP before and after month of Ramadan. Hs-CRP was decreased significantly, being 
related to waist circumference and BMI. 


Radhakishun and co-workers [23] carried out a prospective cohort study in 25 obese 
adolescents, measuring hs-CRP levels. A statistically significant increase in hs-CRP 
concentration was found, recovering to baseline levels after Ramadan. 


Al-Shafei [24] carried out a prospective controlled matched study recruiting 40 non 
diabetic subjects and 40 diabetic patients. Malondialdehyde (MDA) decreased. The scholar 
concluded that Ramadan fasting improves glycemic control and lipids profile and alleviates 
oxidative stress in diabetics. 


El-Gendy and collaborators [25] studied the oxidative stress in 20 patients with diabetes 
mellitus. Serum Malondialdehyde (MDA) and Glutathione (GSH) were measured. MDA 
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decreased, while GSH increased. This study confirmed that Ramadan fasting significantly 
lowers oxidative stress in the body. 


In conclusion, patients with controlled metabolic disorders can safely fast. 


Immunity Changes in Patients with Cardiac Diseases 


Khafaji and co-authors [26] investigated immunity changes in a sample of 56 patients 
(80.4% were male, 67.9% were aged >50 years) of different stable cardiac illnesses were 
followed, collecting and measuring hs-CRP. 71.4% had no change in their symptoms during 
fasting while 28.6% felt better. No patient has deteriorated. 91.1% of the patients were 
compliant with medicine during Ramadan, 73.2% after. 89.3% were compliant with diet 
during Ramadan with no significant change in body weight in the follow-up period. No 
cardiac or noncardiac morbidity or mortality was reported. No change was observed in hs- 
CRP and its level correlated with total cholesterol and serum leptin. Ramadan fasting in 
stable cardiac patients has no effect on their clinical status, serum leptin, or hs-CRP. 


Nematy and co-authors [27] carried out a prospective observational study in a group 
of 82 patients (38 males 44 females, aged 29-70 years, mean age 54.0 + 10 years) with at 
least one cardiovascular risk factor. Homocysteine, hs-CRP and complete blood count were 
measured. A significant improvement in 10years coronary heart disease risk was found, as 
well an increased WBC, RBC and platelet count. No other significant changes were observed. 
Homocisteine and hs-CRP increased during the exercise, suggesting that caloric restriction 
and exercise seem to ameliorate inflammatory markers of cardiovascular health. 


Al-Shafei [28] studied the variation of Pulse Pressure (PP) and oxidative stress in 40 
hypertensive subjects and in other 40 healthy individuals. Fasting reduced PP significantly 
by 17.2%, while Malondialdehyde (MDA) decreased and Glutathione (GSH) increased. 


In conclusion, patients with controlled cardiovascular disorders can safely fast. 


Immunity Changes in Athletes 


Chaouachi and collaborators [29] studied the impact of the fasting on immunological 
parameters in 15 elite male judo athletes maintaining their usual high training loads. Small 
but significant changes in inflammatory variables were found. Serum C-reactive protein 
increased from 2.93 + 0.26 mg/L to 4.60 + 0.51 mg/L, whereas homocysteine remained 
relatively unchanged. Immunoglobulin A increased from 1.87 + 0.56 g/L to 2.49 + 0.75 
g/L and persisted high for 3 weeks. There were no changes in the leucocyte cell counts 
throughout the study. These results suggest that athletes who continue to train intensely 
during Ramadan are likely to experience a myriad of small fluctuations in immunoglobulins, 
antioxidants, and inflammatory responses. 


Aksungar and collaborators [30] studied 8 middle-distance athletes (25.0 + 1.3 years), 
performing a Maximal Aerobic Velocity (MAV) test 5 days before Ramadan and on days 7 
and 21. Plasma levels of IL-6 were determined. IL-6 was increased (1.19 + 0.25 vs. 0.51 + 
0.13 pg/mL; p-value <0.05), but recovering to normal values after Ramadan. The authors 
found significant immunity changes that could affect the activity of elite athletes. 


Abedelmalek and co-workers [31] studied 9 athletes performing the Wingate test. Plasma 
concentrations of IL-12 were measured using ELISA assay. The authors found that an acute 
intense exercise-induced IL-12 response is modified by daytime fasting and modifications in 
sleep schedule during Ramadan. 


Hammouda and collaborators [32] measured the levels of hs-CRP and homocysteine 
during the Yo-Yo intermittent recovery test in 15 soccer players. Homocistein and hs-CRP 
increased during the exercise. During the end of Ramadan, the diurnal pattern of Hcy was 
inversed. The authors concluded that caloric restriction induced by RF seems to ameliorate 
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lipid and inflammatory markers of cardiovascular health during intermittent exercise 
performed in the evening. 


The same authors [33] investigated the effects of Ramadan fasting and time-of-day on 
biochemical responses to an intermittent exercise, Yo-Yo test level 1, in 20 male soccer 
players (mean age 17.52 + 0.2 years) measuring Total Antioxidant Status (TAS). TAS was 
found to increase. Performance was affected by Ramadan fasting only in the evening in 
young soccer players. 


Trabelsi and collaborators [34] investigated immune biomarkers in recreational body- 
builders, undergoing a hypertrophic training program for 3 times/week. They found that 
leucocytes, neutrophils, lymphocytes and monocytes remained unchanged. 


Maughan and co-workers [35] studied immune markers in 78 Tunisian junior male 
soccer players aged 16-19 years who continued their usual schedule of daily training and 
weekly competition. They found that CRP decreased in football players, as well leucocyte 
count. 


In conclusion, Ramadan can affect sports performances. 


Conclusions 
From the collected evidences, we can conclude that: 


Ramadan fasting do not result in severe immunological disturbances, being all transient 
changes; 


a. Maternal fasting during Ramadan during the second trimester does not have a significant 
effect on maternal oxidative stress, fetal development or fetal birth weight. 


b. Ramadan fasting can have beneficial effects on patients suffering from metabolic 
disorders; 


c. Ramadan fasting can have positive effects on patients with stable cardiac diseases, 
improves cardiovascular, lipids profile and oxidative stress; 


d. Ramadan can affect and impair the activity of athletes (as also summarized by Trabelsi 
and collaborators [36)]). 


However, the majority of the studies have been conducted among healthy volunteers and 
there is a dearth of data about patients suffering metabolic and cardiovascular diseases. No 
data are available for patients with autoimmune disorders. Further research in the field is 
urgently needed. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though 
patients are exempted from observing this religious duty, they may be eager to take part into 
this religious ceremony, fully living all its implications. Here, we review the extant literature 
on the topic of e-health and, in particular, the new concept of Islamic e-health, introducing 
the important theme of the fasting in the digital era (Ramadan 2.0). Applications for mobiles 
and smart-phones provide a wide range of functions and services for Muslims: customers 
can read, listen and memorize the Qu’ran, and are offered the possibilities to bookmark 
the verses and the various surat (Qu’ran chapters). They can know exact prayer times 
together with the Qibla direction, can locate nearby mosques and also use a personalized 
Islamic events calendar. Applications can even mimic and reproduce the rhythmic clicking 
of the prayer beads as well as calculate the zakat. Actually, many applications specifically 
designed for Ramadan exist. Some help diabetic Muslims to better manage their fasting, 
others suggest nutritional tips or physical exercises in order to maintain the weight and have 
a healthy lifestyle during the fasting month. In conclusion, Islamic e-health is an emerging 
trend and represents an incredible opportunity that can be exploited for educating diabetic 
patients willing to fast during the Ramadan month, as well as treating patients suffering 
from other diseases or providing healthy subjects with nutritional recommendations and 
suggestions. However, health-care providers should be aware of this phenomenon, monitor 
the reliability of information provided by the applications and eventually correct misleading 
material, informing their patients. Further studies in the field are urgently needed, including 
randomized controlled trials to test whether applications are effective in assisting patients 
from remote during the Ramadan fasting. 


Keywords: Digital Ramadan; Information and Communication Technologies (ICTs); 
Islam; Islamic e-health; Mobile and Smart-Phones Applications; Ramadan 2.0; Ramadan 
Fasting 


Effects of Ramadan Fasting on Health and Athletic Performance 
Edited by: Dr. Hamdi Chtourou 


15 


Ramadan Fasting in the Digital Era: New Challenges and Paradigms 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), has 
a great importance and meaning for all the Muslims in the world. Abstinence from eating, 
drinking and sexual intercourses characterize this period. Ramadan is indeed a period of 
intense prayers, social gatherings and special ceremonies. Usually, patients are exempted 
from observing these rules, even though they may ask their doctors whether they can fast 
without experiencing injurious effects [1]. 


Due to its importance and resonance, Ramadan is highly covered by the media [2]. 
In this chapter, we introduce a new concept, namely the “Ramadan 2.0” or the “digital 
Ramadan’, a concept similar to that of “digital mosque” or “convergent mosque” pioneered 
by as [3] and we review what the new media can do for Muslim customers, especially from 
the health perspective. As mosques are experiencing changes in design, new architectural 
challenges and paradigms given by a more and more expanded reality in which virtual 
and real/physical merge and integrate, the same is true for Ramadan. Intense moments 
such as prayers are shared on Facebook, YouTube and other social networks. Even though 
some Muslims, especially those who are strictly orthodox, consider this trend as bida 
(“innovation”), mobile applications provide Muslims with a wide range of functions, services 
and opportunities. 


Islamic e-health 


The main objective of this book-chapter is to review the extant literature on the topic 
of Islamic e-health, showing how Information and Communication Technologies (ICTs) are 
having a deep and profound impact on Muslim spirituality and well-being and may be 
helpful in addressing patients’ issues and concerns and educating them. 


According to Househ [4], Islamic e-health can be defined as: “the application and use of 
ICTs”, that is to say “the internet, electronic medical record systems, public health information 
systems, and mobile health technologies, to monitor and support Islamic spiritual health 
practices with the goal of improving Muslims’ spiritual, mental, and physical health status”. 


Very common applications such as iPray, iQuran, myQuran, iSubha and Islamic 
Compass [5] help the Muslims to memorize the Quran, offering the possibilities to bookmark 
the verses and the various surat (Qu’ran chapters), know exact prayer times around the 
globe, giving the Qibla direction, locating nearby mosques and also showing an Islamic 
events calendar or even mimicking and reproducing the rhythmic clicking of the beads 
for improving focused attention during prayers, calculating the zakat, among the other 
functions and services (Figure 1). 
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Figure 1: some examples of Islamic e-health applications for adults (iSubha and iQuran). 
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Some applications have been specifically designed and implemented for children, such 
My Kids Series and Kids Dua Series (Figure 2). 
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Figure 2: Some examples of Islamic e-health applications for children (My Kids Series and Kids Dua Series). 


In the Middle East, metabolic diseases such as obesity, diabetes and cardiovascular 
disorders are increasing in term of epidemiological burden and societal impact [6-9]. Digital 
technologies which are becoming widespread can be a useful resource for managing these 
diseases. Some surveys have shown that the Middle East has a high penetration of mobile 
devices and smart-phones [10] and digital health applications have been well received in 
the Middle East. Digitalizing health records, they can enable healthcare providers to early 
identify and contain outbreaks such as Severe Acute Respiratory Syndrome (SARS), Middle 
East Respiratory Syndrome (MERS), influenza and other infectious diseases [11]. 


Health-related digital technologies have been shown to be useful in improving 
immunization coverage, assisting and monitoring patients from remote. 


Moreover, applications such as Care of Muslim patients and Medicine of Prophet cover 
both traditional and modern aspects of the health-care (Figure 3). 
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Figure 3: Examples of applications of traditional Muslim medicine (Medicine of Prophet and Care of Muslim patients). 


Mobile Applications Specifically Designed for Ramadan 


Muslims can also benefit from mobile and smart-phones applications specifically 
designed for Ramadan [12-16] (Figure 4). 
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Figure 4: Some examples of mobile and smart-phones applications specifically designed for Ramadan. 


Applications such as Ramadan health (with suggestions and tips for maintaining a 
healthy lifestyle during the fasting month), Ramadan, Diabetes and me (that helps Muslim 
diabetics to better manage their fasting with a patient information booklet and the possibility 
of monitoring and tracking their blood sugar levels), mDiet (a sort of “dietician in the palm 
of your hand”, which provides personalized and healthy diet recipes), Ramadan Diet (which 
suggests meals for breaking the fast and exercises for keeping the weight as it was before 
the fast), WebTeb (particularly designed for pregnant women and patients suffering from 
chronic diseases willing to fast), AlTibbi (with educational quizzes), 3eesho (with a list of 
Frequently Asked Questions, FAQ), eTobb and Ramadan Recipes may be extremely useful 
for Muslims. Further research is needed in order to: 


a. Verify the reliability of the provided information by these applications; 


b. Health-care providers should be aware of this phenomenon, and correct eventually 
misleading information; 


c. The ideal situation would be when health-care workers are directly involved in the 
design of the applications; 


d. Randomized controlled trials should be performed to verify whether applications can 
play a role in better managing and assisting patients willing to fast during Ramadan. 


Conclusion 


Islamic e-health is an emerging trend and represents an incredible opportunity that 
can be exploited for educating diabetic patients willing to fast during the Ramadan month, 
as well as providing healthy subjects with nutritional recommendations and suggestions. 
However, further studies in the field are urgently needed. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though 
patients are exempted from observing this religious duty, they may be eager to share this 
particular moment of the year with their family and peers. However, there are no guidelines 
or standardized protocols that can help physicians to properly address the issue of patients 
with skin disorders fasting in Ramadan and correctly advising them. Moreover, in a more 
interconnected and globalized society, in which more and more Muslim patients live in the 
Western countries, this topic is of high interest also for the general practitioner. For this 
purpose, we carried out an overview. Our main findings are that: 1) there is a strong need 
for evidence-based suggestions and guidelines. Literature on the impact of Ramadan fasting 
on skin diseases is scarce, and of poor quality, as well as information available from the 
Internet; 2) patients willing to fast should be advised about the importance of taking the 
proper treatment and that administration of trans-dermal/topical drugs is licit during the 
Ramadan fasting. Non-compliance and non-adherence can have important, clinical and 
economic implications for the patient management. 


Keywords: Compliance and Adherence to Treatment; Ramadan Fasting; Skin Disorders 


Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hyra), is of 
great value and significance among Muslims, representing the month of the descent of the 
Qu’ran. Ramadan fasting (as-sawm) is considered one of the five Islamic pillars of the creed 
(arkan al-Islam), together with the faith declaration or profession (as-shahada), the five daily 
ritual prayers (as-salah), the pilgrimage to Mecca (hajj), and charity (zakat). 


Ramadan is not only abstinence from food and drinking, but also from smoking, 
medication and sexual intercourses (Surat 2 “Al-Baqarah”, ayyat 183). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of alternate 
fasting and feasting (re-feeding) periods [1]. Pre-dawn meal is termed as suhoor, whilst after- 
sunset meal is called iftar. Ramadan duration is variable, since the Islamic calendar is a lunar 
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one and therefore the Islamic year contains 354 days (instead of 365, as in the Gregorian or 
solar calendar). For this reason, the Ramadan month occurs 11 days earlier every year, and 
may fall in any period of the year. Therefore, mean fasting duration is usually 12-14 hours, but 
depending on the place and the year it can last also up to 18 hours [1,2] or even 22 hours, in 
the extreme latitudes regions [1]. Ramadan can last 29 or 30 days. 


Pre-puberal and puberal children, menstruating, pregnant and breat-feeding women, 
sick people, debilitated older subjects; travelers are exempted from this religious duty 
(Surat 2 “Al-Baqarah”, ayyat 185-186). However, they could be willing to fast and share the 
spirituality of this month with their family and peers [3]. 


The effects of Ramadan fasting on kidney physiology is not a mere academic topic or of 
limit interest for only the Arabic countries. In a globalized society, the physicians have to 
face with issues like the management of CKDs in Muslim patients that to want to fast during 
Ramadan, since more Muslims live in the Western societies [3]. 


However, information is sparse and no guidelines or standardized protocols exist on 
the impact of Ramadan fasting on patients with skin disorders. For this purpose, we have 
carried out an overview that could be helpful for general practitioners. 


Discussion 


The belief that skin problems, such as psoriasis and acne, can disappear with the help 
of fasting [4], is anecdotal. 


Bahammam and co-workers [5] investigated the impact of Ramadan fasting on circadian 
rhythm and skin temperature in a sample of 6 healthy Muslim young adults using portable 
armband physiological and activity sensor devices. During Ramadan, there were a delay 
in the acrophase of skin temperature, indicating a shift in the circadian pattern of body 
temperature, and a delay in the peak of energy expenditure. 


Masood and collaborators [6] carried out a retrospective observational study to assess 
the beliefs and practices of people with diabetes about skin prick for blood glucose testing 
during Ramadan fasting in a sample of 806 people with diabetes (76 with type 1 and 784 
with type 2) aged 51.54413.83 years. About 44% of the study population was not educated. 
Participants with diabetes who did not performed blood glucose monitoring (33.6%) believed 
that skin prick would result into breaking the fast and therefore 39.8% of participants who 
were taking insulin never checked their blood glucose levels while fasting. 


Patel and co-authors [7] carried out a prospective survey in a dermatology center in a 
tertiary hospital in the UK. Patients were asked if they would use topical treatment. The 
scholars found that more than one-third of the people interviewed would not use topical 
treatment while fasting, considering this a breaking of their fast. These patients wrongly 
believed that using steroid-based topical products, creams, emollients, and light therapy 
were not licit during the fast. Determinant of these wrong beliefs resulted to be only 
birthplace, while gender, age, educational level and socioeconomic status failed to predict 
patients’ behaviors and practices. In particular, Muslim patients born outside the UK were 
significantly less likely to use topical treatment during Ramadan month. 


Al-Qattan [8] performed a prospective study, assessing 10 cases of burns in epileptics 
in Saudi Arabia occurring in adult patients (8 females, 2 males). 4 burns happened during 
Ramadan fasting because of lack of compliance and adherence to anti-epileptic medication. 


Conclusions 


There is a strong need for evidence-based suggestions and guidelines. Literature on 
the impact of Ramadan fasting on skin diseases is scarce, and of poor quality, as well as 
information available from the Internet. 
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Patients willing to fast should be advised about the importance of taking the proper 


treatment and that administration of trans-dermal/topical drugs is licit during the Ramadan 
fasting. Non-compliance and non-adherence can have important, clinical and economic 
implications for the patient management. 
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Introduction 


Fasting is an integral part of many religions. The pattern, duration and limitations of fasting 
differ among the different religion and sometime differ greatly among the subjects following 
the same religion. The model of Ramadan fasting is probably the most extensively researched 
religious fasting [1,2]. In this chapter, the impact of Ramadan fasting on cardiovascular health 
has been discussed. Additionally, two models of dietary restriction namely Calorie Restricted 
(CR) diet and Alternate Day Fasting (ADF) regimen has also been briefly explored and compared 
with the model of Ramadan fasting in an attempt to understand the mechanism underlying the 
cardiovascular effects seen in subjects undergoing fasting during the month of Ramadan. 


Dietary Restriction and Health 


Decrease in daily caloric intake, typically by around 40%, also known as CR diet has 
been shown to prolong lifespan by as much as 50% in wide spectrum of animals [3-7]. It 
improves cardiovascular risk profile by decreasing heart rate, blood pressure, total cholesterol, 
triglyceride levels, Low Density Lipoprotein (LDL) cholesterol and by increasing the level of 
High Density Lipoprotein (HDL) cholesterol [8-11]. It is also associated with increase in insulin 
sensitivity and reduction in fasting glucose and insulin leading to an overall improvement in 
glucose regulation [12]. It has also been shown to prevent the occurrence and progression of 
wide spectrum of chronic illness like hypertension [11,12], autoimmune disease [7,13], kidney 
disease [14], neurodegenerative disease [15] and cancer [7]. Multiple metabolic pathways have 
been implicated as the cause of long life and disease prevention effect of CR diet and these 
pathways are being explored further to develop agents which mimic the beneficial effect of CR 
diet while avoiding the burden of extreme prolonged dietary restriction [16-21]. 


The animal model of CR diet is not feasible in humans because of ethical and practical 
considerations. For instance, in the rodent model of CR diet, the rodents were assigned for 
CR diet right after the weaning period and the intervention continued for life [3]. The limited 
human experience with CR diet suggests improvement in cardiovascular health by reduction 
in blood pressure, heart rate, total cholesterol and triglyceride levels as well as carotid 
intima media thickness [22-25]. The age related decline of cardiac diastolic dysfunction was 
also attenuated by a CR diet [26]. 
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The ADF regimen comprise of alternate days of fasting and feasting. The subjects undergo 
fasting for 24 hours, during which only water intake is allowed. The period of fasting is followed 
by a 24 hour period of unrestricted dietary intake [27]. The sequence of fasting and feasting 
continues for pre specified duration. Animal studies have shown improvement in life span, 
reduction in cardiovascular disease, kidney disease, cancer and diabetes with ADF regimen, 
almost similar to that seen in animals on CR diet [27-31]. Similar reduction of heart rate and 
blood pressure among rodents on ADF regimen as well as rodents on 40% CR diet has been 
reported [32,33]. Experimental myocardial infarction induced by ligation of left coronary artery 
resulted in 50% smaller infarct size, lesser left ventricular remodeling, lesser infarct expansion 
and better left ventricular function among rodents on ADF regime as compared to normally fed 
controls [34]. In a later experimental study, similar cardio protective effect among experimental 
model of induced myocardial infarction was not seen in rodents on CR diet [8]. 


Human experience with ADF regimen is limited by few trials with small number of participants 
and short duration but overall, these studies suggest an improvement in glucose regulation and 
a trend towards improvement in cardiovascular risk profile [35-38]. The ADF regimen appears to 
offer the benefit of CR diet without the extreme and prolonged dietary restrictions characteristic 
of a CR diet. Contrary to CR diet, weight loss is not a consistent feature of ADF regimen [39]. The 
salient features of CR diet, ADF regimen and Ramadan fasting is mentioned in Table 1. 





Calorie restriction Alternate day fasting Ramadan fasting 





Fasting from dawn to dusk 
(absolute restriction of food, 
water and smoking) followed by 
unrestricted nocturnal feeding 


A day of fasting (drinking water 
allowed)followed by a day of 
unrestricted food, consumption 


Restriction of daily total caloric 


preray tntemention intake (20% to 40% reduction). 





Animal experiment In yeast, rotifers, spiders, 





worms, flies, fish, mice, rats and |In rats None 
primates [3—15]. 
Upto 50% increase in life Life span increased, cardiovascular 
span among calorie restricted disease risk profile improved, glucose 
group. Prevents age related regulatory functions improved. Size 
deterioration in left ventricular of induced myocardial infarction was 
diastolic dysfunction. Improves 50% less, apoptotic myocytes were 

Insight from animal cardiovascular disease risk 75% less, infarct expansion was less, None 


studies factors and glucose regulatory 
functions in rodents and 
primates. Had protective effect 
on carcinogenesis. A consistent 
decrease in weight was noted 


[3-15]. 


remodeling was less and deterioration 
in left ventricular ejection fraction 

was lesser. Had protective effect on 
carcinogenesis. Weight of the animal 
remained unchanged, increased or 
decreased [27—34]. 





No increase in incidence of 
acute cardiac illness was 
noted during Ramadan 
fasting. Patients with stable 
cardiac illness did not face 


Limited to three short term studies any worsening of illness 





Human studies 





Limited, not sufficient to explore 
longevity. Available data suggest 
improvement in cardiovascular 
risk profile, glucose regulatory 
functions and reduce oxidative 
stress. Weight reduction was 
seen in all participants [22—26]. 





(2-3 weeks) [35-37]. No change 

in fasting blood glucose. Insulin 
sensitivity increased in males. 

HDL increased in females while 
triacylglycerol decreased in males. 
There was no change in B.P. Weight 
of participants decreased in two 
studies while it remained unchanged 
in one. 





during Ramadan fasting. Most 
of the studies show that the 
lipid profile improved during 
Ramadan fasting, notably 
reduction in total and LDL 
cholesterol and increment in 
HDL cholesterol. Patients with 
diabetes mellitus fail to show 
improvement in lipid parameters 
during Ramadan fasting. 

The body weight/BMI of the 
participants remained largely 
unchanged or decreased while 
it increased in some [40-74]. 





Table 1: Models of dietary restriction. 


24 





BMI: Body Mass Index; B.P: Blood Pressure; HDL: High Density Lipoprotein, LDL: Low 
Density Lipoprotein 


The month of Ramadan is the ninth month of the Islamic lunar calendar and is the month 
of fasting. All adult Muslims, without any significant illness have to fast (absolute restriction 
of food, drinks, smoking and sexual activity) from dawn to dusk during the month. The 
Ramadan fasting model has not been replicated in animals. The huge and diverse pool of 
global Muslim population who undertake fasting during the month of Ramadan using the 
same religious principle provide an opportunity to evaluate its effect on health, although it 
has not been studied widely. 


Ramadan Fasting and Acute Cardiac Illness 


The incidence of acute coronary syndrome, Atrial Fibrillation (AF), acute decompensated 
heart failure as well as stroke is similar during the month of Ramadan as compared to the 
other non fasting months [40-47]. Among patients who develop acute coronary syndrome 
during Ramadan fasting, the time of symptom onset differs and coincides with the time 
of breaking the fast [48]. Patients with pre existing cardiac illness are able to fast during 
Ramadan without any difficulty [40,49-51]. Some studies have reported decrease in 
incidence of acute coronary syndrome and heart failure during Ramadan fasting [40,41,44]. 
A case control study has reported that the incidence of acute coronary syndrome decreases 
by 72% among Muslims who fasted regularly during Ramadan as compared to Muslims who 
did not fast [52]. 


Overall, the incidence of Cerebrovascular Accident (CVA) is similar during the month of 
Ramadan as compared to the other non fasting days however a reduction in the incidence 
of hemorrhagic CVA is noted among hypertensive patients while an increase in incidence of 
ischemic CVA is noted among diabetic patients [40,45,47]. 


Ramadan Fasting and Cardiovascular Disease Risk Factors 


An overall improvement in cardiovascular risk profile is noted during Ramadan fasting 
[40,53,54]. Majority of the studies have reported increment in HDL level [55-67], no change 
[60,63,64,68-71] or decline in total cholesterol [55-57,59,61,62,66] and LDL levels [55- 
97,08,61,62] and no change in triglyceride level. 


Few studies have reported decline in HDL cholesterol [68,71,73] and increment in LDL 
cholesterol [51,68,72]. The notable features of these studies were that either the subjects’ 
consumption of dietary fat during Ramadan was excessive (more than twice) [72] or there 
were features of starvation [68] or the timing of sample collection for lipid estimation was 
inappropriate [51]. The improvement in lipid parameters was not seen among diabetic 
subjects who underwent fasting during Ramadan while on the contrary; there was a trend 
towards deterioration [70,73,74]. 


In majority of subjects, the body weight/Body Mass Index (BMI) remains unchanged or 
decreases during Ramadan fasting while it increases in some [40]. The mean systolic and 
diastolic blood pressure either remains unchanged or decreases during Ramadan fasting 
[40]. 


Conclusion and Future Directions 


Fasting during the month of Ramadan is safe for healthy individuals as well as patients 
with cardiovascular illness. Provided that extremes of dietary intake is avoided, preventing 
overcompensation for the period of fast on one hand and preventing starvation on the other, 
Ramadan fasting is associated with an overall improvement in cardiovascular risk profile 
irrespective of weight change. Patients with diabetes mellitus do not reflect this improvement 
[70,73,74]. 
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The model of Ramadan fasting appears similar to the ADF regimen discussed earlier. 
While the ADF regimen allows intake of water during the fast and the timing of the fast and 
feast is artificial, based on 24 hours cycle, water intake is prohibited during the fasting hours 
in Ramadan and the fast and feast cycle is based on the natural phenomenon of day and 
night. However, both ADF regimen and Ramadan fasting have demonstrated improvement 
in cardiovascular risk profile which is largely independent of weight loss suggesting the 
possibility of a common underlying mechanism which is not yet clearly understood. 


Preliminary studies have demonstrated similar outcome between subjects on CR diet and 
ADF regimen. Compared to CR diet, ADF regimen is seen as a practically feasible model but 
the 24 hours fasting period is not well tolerated by most of the subjects and modified models 
of ADF regimen are being evaluated which allow limited dietary intake during the fasting 
period [38]. The Ramadan model of fasting is generally well tolerated and the availability of 
huge global pool of subjects who fast during the month of Ramadan provides opportunity 
to explore its influence on chronic disease and life span and compare with the CR diet and 
ADF regimen models. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though some 
subjects (among which patients) are exempted from observing this religious duty, they may 
be eager to share this particular moment of the year with their family and peers. However, 
there are no guidelines or standardized protocols that can help physicians to properly 
address the issue of patients with cancer fasting in Ramadan and correctly advising them. 
Moreover, in a more interconnected and globalized society, in which more and more Muslim 
patients live in the Western countries, this topic is of high interest also for the general 
practitioner. For this purpose, we carried out a systematic review on the subject. 


Our main findings are that: 
1) Very few studies have been carried out, addressing this issue; 


2) Evidence concerning quality of life and compliance to treatment is contrasting and 
scarce; 


3) Generally speaking, few patients ask their physicians whether they can safely fast or not. 


For these reasons, further research could be performed, given the relevance and 
importance of this topic. 


Keywords: Cancer; Drug Compliance and Adherence; Quality of Life; Ramadan Fasting; 
Stomia 


Introduction 


The Arabic word Islam means peace, purity and total submission to the will of Allah (the 
Lord of the worlds, Rabb al-’alameen) by conforming inwardly and outwardly to his law. 
The religion of Islam is based on five pillars (arkan al-Islam). Ramadan fasting (as-sawm) 
is considered one of the five pillars of the creed, together with the faith declaration (as- 
shahada), the ritual prayers (as-salah), the pilgrimage to Mecca at least once in lifetime for 
those who are financially and physically able (hay), and charity or almsgiving (zakat). 


Effects of Ramadan Fasting on Health and Athletic Performance 
Edited by: Dr. Hamdi Chtourou 


30 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), is 
of great value and significance among Muslims, representing the month of the descent of 
the Qu’ran. 


Ramadan is not only abstinence from food and drinking, but also from smoking, 
medication and sexual intercourses (Surat 2 “Al-Baqarah”, ayyat 183). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of 
alternate fasting and feasting (re-feeding) periods |1]. Pre-dawn meal is termed as suhoor, 
whilst after-sunset meal is called iftar. Ramadan duration is variable, since the Islamic 
calendar is a lunar one and therefore the Islamic year contains 354 days (instead of 365, 
as in the Gregorian or solar calendar). For this reason, the Ramadan month occurs 11 days 
earlier every year, and may fall in any period of the year. Therefore, mean fasting duration 
is usually 12-14 hours, but depending on the place and the year it can last also up to 18 
hours [1,2] or even 22 hours, in the extreme latitudes [1]. 


Pre-puberal and puberal children, menstruating, pregnant and breast-feeding women, 
sick people, debilitated older subjects; travelers are exempted from this religious duty 
(Surat 2 “Al-Bagarah’, ayyat 185-186). However, they could be willing to fast and share the 
spirituality of this month with their family and peers [3]. 


The effects of Ramadan fasting on patients suffering from cancer is not a mere academic 
topic or of limit interest for only the Arabic countries. In a globalized society, the physicians 
have to face with issues like the management of cancer in Muslim patients that to want 
to fast during Ramadan, since more Muslims live in the Western societies [4]. However, 
information is sparse and no guidelines or standardized protocols exist [3]. 


For this purpose, we have carried out a systematic review that could be helpful for 
general practitioners. We have mined different databases: namely, ISI/Web of Science 
(WoS), MEDLINE/PubMed, Scopus, Scirus, Directory of Open Access Journals (DOAJ), 
Google Scholar. 


Ramadan and Cancer: Quality of Life and Adherence to Religious 
Worship 


Kuzu and collaborators [4] investigated quality of life and compliance to religious 
duties (such as praying and fasting) in 178 patients living with a permanent colostomy. 
75 underwent abdominoperineal resection (APR, or Miles’ operation), 51 sphincter-saving 
resection, and 52 anterior resection including sigmoid colectomy. Quality of life was 
measured with the Medical Outcomes Study Short Form 36 Health Survey (SF-36) and 
a questionnaire with items about work, sexual life and compliance to religious worship. 
They found that a significantly number of patients in the abdominoperineal resection group 
stopped praying daily (either alone or in a mosque) and fasting during Ramadan. They 
concluded that colorectal cancer, besides affecting quality of life, has a profound impact 
on religious worship. The authors recommended a preoperative counseling, involving local 
religious authorities. 


Celasin and coworkers [5] carried out a prospective study recruiting 93 Muslim patients after 
surgery for colorectal carcinoma: 50 underwent APR, 22 sphincter-saving resection and 1 anterior 
resection including sigmoid colectomy. Quality of life was assessed pre- and postoperatively at 
15-18 months with the SF-36 questionnaire and a modified version of the American Society 
of Colorectal Surgeons (ASCRS) Fecal Incontinence questionnaire. Life standards, including 
religious practice, were measured using the Ankara University Life Standard Questionnaire 
(AULSQ). Authors found that religious worship (praying alone, praying in mosques, fasting 
during Ramadan and purifying alms) was not significantly different among the groups. Probably 
this was the effect of a proper religious counseling and its importance, advocated by Kuzu and 
collaborators in the previous article [4], is here confirmed. 
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Zeeneldin and co-authors [6] conducted a cross-sectional study during Ramadan, 
August-September 2009, investigating 102 patients suffering from breast cancer (31%), 
acute leukemia (24%), colorectal cancer (7%), non-Hodgkin lymphoma (5%), bladder cancer 
(4%), lung cancer (4%), and laryngeal cancer (4%). Treatments included chemotherapy, 
radiotherapy, hormonal therapy, and nonspecific therapy in 42%, 31%, 10%, and 17%, 
respectively. Co-morbidities were present in 22% of the patients. Authors found that 40% 
of patients did not fast during Ramadan, 36% and 24% were partial and complete fasters. 
Being female patients, having a good and stable performance status, suffering from a non- 
metastatic solid tumor, and receiving non-intravenous chemotherapy as outpatients were 
found to be predictor of compliance to fasting. However, only 46% of patients sought the 
treating oncologist advice on whether they could fast. 


Altuntas and coworkers [7] carried out a prospective study investigating 56 patients with 
a cancer-related fecal stoma over two periods of Ramadan to analyze the effect of fasting on 
nutritional and metabolic status and quality of life. 14 patients were fasting. They had their 
stoma for a longer period of time than patients in the non fasting group, and the proportion 
of patients with a permanent stoma was higher in the fasting group than in the non fasting 
group. Ramadan fasting had almost no influence on quality of life. 


Tas and collaborators [8] performed a survey of 701 adult Turkish Muslim cancer 
patients during the month of Ramadan in 2012. Before diagnosis of cancer, 93.1% of 
the patients used to fast completely or partially. After diagnosis of cancer, this rate 
fell down to 15%. 83.9% of patients who fasted before diagnosis, gave up observing 
the religious duty. Patients who decided to go on fasting after the diagnosis of cancer 
thought that observing Ramadan would have lead to Patients who were females, those 
with good performance status, those without any comorbid disease (in particular, 
diabetes mellitus), who had non-metastatic disease, those with history of surgery, 
young, those treated with radiotherapy and those being treated with single agents, oral 
chemotherapeutic agents or not receiving drugs being in the follow-up period were more 
likely to be fasting than others. The fasting ones suffered from lymphoma, urogenital 
cancer (in particular, testicular tumor) and breast cancer; conversely, the rate of fasting 
status among patients with lung and gastrointestinal cancer was quite low. Gynecologic, 
head and neck, sarcoma and skin cancers did not correlate with fasting status. Only 
20.8% of all patients asked their physician whether it was alright for them to fast and 
physicians generally had a negative attitude towards fasting (83.2%). 13.3% of physicians 
allowed patients to choose whether to fast or not. Physicians were concerned about the 
possibility of fasting in patients at risk of tumor lysis syndrome, taking nephrotoxic 
drugs or other drugs that could lead to vomiting, diarrhea or renal failure. The authors 
concluded that majority of cancer patients are not fasting during the month of Ramadan, 
and a small part of patients consult this situation to their physician. 


Ramadan and Cancer: Adherence to Drug Treatment 


Drug compliance during Ramadan generally tends to fall, as noticed by some scholars 
[9-11]. Other authors, such as Zeeneldin and coauthors [12], however, have found that 
Ramadan fasting does not impair patient’s adherence to treatment. During Ramadan 2010, 
139 patients suffering from breast cancer were asked about compliance to fasting and 
religious duties as well as to treatment with Oral Hormonal Therapy (OHT) in Ramadan and 
in the preceding month. Tamoxifen and aromatase inhibitors were used in 64% and 36%, 
respectively. Adherence rates to OHT during Ramadan and before were 94.2% and 95.7%, 
respectively (not statistically significant). Non-adherence prior to Ramadan and shorter 
duration of OHT were predictors of non-adherence during Ramadan, whilst fasting status, 
age, performance status, presence of metastases and type of OHT were not good predictors 
of adherence. 
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Results and Discussion 


Despite our extensive search, we managed to find only 6 studies addressing the issue 
of patients suffering from cancer fasting during Ramadan: in particular, 5 focusing on the 
impact of fasting on quality of life and compliance to worship, 1 focusing on adherence to 
drug treatment. Despite the importance and relevance of this topic and given the burden 
imposed by the cancer, very few scholars have investigated the impact of Ramadan fasting 
on the health of patients with tumor. 


The effect of Ramadan on quality of life appears to be controversial: whilst three studies 
confirm this relationship, two other researches fail to find any impact. Also the effect of 
fasting on compliance to worship seems to be quite contrasting. 


As far as the compliance to drug treatment is concerned, there is only 1 study available 
and therefore it is not possible to collect any evidence. 


Conclusion 


There is a strong need for evidence-based suggestions and guidelines [3]. Very few studies 
are available, with contrasting findings. 


This could be done within a multidisciplinary team, made up of an oncologist, a 
nutritionist, a psychiatrist or a psychologist. Patients should be carefully checked 
and assessed, considering both the clinical symptoms and the laboratory exams. Also 
psychological aspects, such as motivation, and patient preferences and adherence/ 
compliance to treatment should be investigated and taken into account. 


Patients suffering from metastatic, disseminated, aggressive tumor, lysis syndrome, 
taking nephrotoxic drugs which could cause diarrhea, vomiting or renal failure, or with a 
history of non-compliance with therapy and dietary modifications should not fast during the 
month of Ramadan. 


In conclusion, if stable, patient’s eagerness to fast should be taken into account and even 
encouraged, since spirituality plays a key role in cancer. The patient feels indeed himself/ 
herself more active being involved in the religious activities, and less depressed and isolated [3]. 


A particular aspect that should be addressed is the management of terminal patients 
during Ramadan. From the literature, it is known that some Muslim patients with terminal 
illnesses may express a strong spiritual and religious wish [13,14]. This calls for cooperation 
between the family and the interdisciplinary palliative care team. On the contrary, some 
scholars like Tas and collaborators [8] have shown that there is poor cooperation between 
physician and patient. Facing patients’ needs is likely to have a great positive impact on the 
patient’s sense of well being. 


However, once again, also this topic has been poorly explored. Further research in the 
field is needed. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though some 
subjects (among which patients) are exempted from observing this religious duty, they may 
be eager to share this particular moment of the year with their family and peers. However, 
there are no guidelines or standardized protocols that can help physicians to properly address 
the issue of patients with emergencies and fasting in Ramadan and correctly advising them. 
Moreover, in a more interconnected and globalized society, in which more and more Muslim 
patients live in the Western countries, this topic is of high interest also for the physicians. 
For this purpose, we carried out a systematic review on the subject. 


Our main findings are that: 


1) Few studies have been carried out, addressing this issue; 
2) These studies have contrasting results. 


For these reasons, further research could be performed, given the relevance and 
importance of this topic. However, physicians should stay alert and organize particular 
“Ramadan walk-in clinics” meeting the needs of their patients during this month. 


Keywords: Emergencies; Ramadan Fasting 


Introduction 


The Arabic word Islam means wholeness, safeness, peace, purity and total submission 
to the will of Allah (the Lord of the worlds, Rabb al-’alameen) by conforming inwardly and 
outwardly to his law. Islam is a monotheistic and Abrahamic religion, whose creed is 
contained in the Qur’an and in the teachings and normative examples (called the Sunnah 
and composed of hadith) of Muhammad (570 CE - 8 June 632 CE), the last prophet of God. 
Islam is the complete and universal version of a primeval faith that was revealed before and 
widespread, even though partially corrupted and altered or misunderstood, by the prophets 
Adam, Noah, Abraham, Moses and Jesus. With more than one billion and half of followers (a 
quarter of earth’s population), Islam is the second-largest religion and probably the fastest- 
growing religion in the world. 
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The religion of Islam is based on five pillars (arkan al-Islam). Ramadan fasting (as-sawm) 
is considered one of the five pillars of the creed, together with the faith declaration (as- 
shahada), the ritual prayers (as-salah), the pilgrimage to Mecca at least once in lifetime for 
those who are financially and physically able (hay), and charity or almsgiving (zakat). 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), is 
of great value and significance among Muslims, representing the month of the descent of 
the Qu’ran. 


Ramadan is not only abstinence from food and drinking, but also from smoking, 
medication and sexual intercourses (Surat 2 “Al-Baqarah’, ayyat 183). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists 
of alternate fasting and feasting (re-feeding) periods [1]. Fasting is observed from dawn 
to sunset. Pre-dawn meal is termed as suhoor, whilst after-sunset meal is called iftar. 
Ramadan duration is variable, because daylight hours vary considerably between 
summer and winter months and the Islamic calendar is a lunar one. Therefore, the 
Islamic year contains 354 days (instead of 365, as in the Gregorian or solar calendar). 
For this reason, the Ramadan month occurs 10-11 days earlier every year, and may 
fall in any period of the year. Therefore, mean fasting duration is usually 12-14 hours, 
but depending on the place and the year it can last also up to 18 hours [1,2] or even 22 
hours, in the extreme latitudes [1]. 


Pre-puberal and puberal children, menstruating, pregnant and breast-feeding women, 
sick people, debilitated older subjects; travelers are exempted from this religious duty 
(Surat 2 “Al-Bagarah’, ayyat 185-186). However, they could be willing to fast and share the 
spirituality of this month with their family and peers [3]. 


The effects of Ramadan fasting on patients suffering from diseases and accessing the 
Emergency Department (ED) is not a mere academic topic or of limit interest for only the 
Arabic countries. In a globalized society, the physicians have to face with issues like the 
management of cancer in Muslim patients that to want to fast during Ramadan, since more 
Muslims live in the Western societies [4]. However, information is sparse and no guidelines 
or standardized protocols exist [3]. 


For this purpose, we have carried out a systematic review that could be helpful for 
the physicians. We have mined different databases: namely, ISI/Web of Science (WoS), 
MEDLINE/PubMed, Scopus, Scirus, Directory of Open Access Journals (DOAJ) and Google 
Scholar. Further highly specialized journals (termed as “targeted journals”) were manually 
inspected for inclusion of any potential pertinent article. These targeted journals were: 
Journal of religion and health, and Journal of fasting and health. As far as the search string 
is concerned, we exploited a proper combination of words such as “Ramadan”, “fasting” and 
“emergencies”, selecting when appropriate as option Medical Subject Headings (MeSH) terms 
(http: //www.nlm.nih.gov/mesh/) and using Boolean operators. No time limit or language 
restrictions were applied. Original research articles, including also editorials, letters to the 
editor, commentaries containing sufficient quantitative information, were retained in our 
search, whilst any kind of review articles (narrative reviews, systematic reviews) and case 
report series were excluded. Articles not directly pertinent or not fitting with the scope of the 
current review were also excluded (Table 1). 


Search strategy item Description 
ISI/Web of Science (WoS), MEDLINE/PubMed, Scopus, Google Scholar, Scirus, Directory 


k py ecaeeaadlaudere of Open Access Journals (DOAJ) 
A proper combination of words such as “Ramadan”, “fasting” and “emergencies”, using 
2. Search string 
MESH terms and Boolean operators 
; Original research articles, also commentaries, editorials and letters to the editor when 
3. Included articles 


containing sufficient quantitative information 
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Review of any kind (narrative, systematic, overview); case report, articles not pertinent to 


4. Excluded articles the scope of the present review 


5. Targeted journals Journal of fasting and health, Journal of religion and health 


Table 1: Search strategy items (accessed databases, search string, included and excluded articles, targeted journals). 


Ramadan and Emergencies 


Halasa [4] did not find any change in ED attendance before and during Ramadan, if not 
a slight change in timing of the clinical presentations but not in their frequency. Al Suwaidi 
and colleagues [5] reported a similar change in timing of the presentations for acute cardiac 
events. A similar result was obtained by Pekdemir and co-workers [6], in a study which 
recruited 2,079 patients. The authors found that, during Ramadan, the clinical features of 
patients admitted to the ED and the number of ED admissions for specific pathologies did 
not change significantly. The authors concluded that Ramadan has no effect on ED use. 


On the contrary, Langford and collaborators [7] observed an increase of ED attendance 
during Ramadan. Other scholars noticed some differences in the pattern of ED use during 
the month of the fasting: an increase in the road traffic accidents as found by Bener et 
al., Shanks et al., Tahir and collaborators [8-10], in diabetic complications as found by 
Ahmad and colleagues, Topacoglu et al., [11,12], in neurological complications as described 
by Topacoglu et al., [12], in nephro-urological disorders at least for the first weeks of the 
month as reported by Abdolreza and co-workers [13] or in gastro-intestinal pathologies as 
described by Göçmen et al., Herrag and co-authors, Ozkan and collaborators and by Parrilla 
Ruiz et al., [14-17]. 


However, some scholars, such as Khanmash and al-Shouha [18], found a decrease in road 
traffic accidents during Ramadan. Al Sifri et al., Benbarka et al., Fatim et al., Katibi et al., 
Pinelli and Jaber [19-23] did not observe any change in frequency of diabetic emergencies. 
Al-Hadramy [24] did not observe any correlation between colic episodes and Ramadan. 
Bener and coworkers [25] could not replicate the finding of an increase of the frequency of 
gastrointestinal complications during Ramadan. Temizhan and collaborators [26] observed 
a decrease in frequency of acute cardiac events. 


Results and Discussion 


Performing an extensive search (Table 1), we managed to find 26 pertinent studies 
addressing the issue of patients accessing the ED during Ramadan. However, after careful 
examination of the quality of the evidences, we had to exclude 3 of them [27-29], because of 
anecdotal reporting (Table 2). 


Pertinent excluded articles Reasons 

Bakker et al., 2013 [27] Anecdotal report of superior mesenteric artery syndrome 
Ghose et al., 2009 [28] Anecdotal report of poisoning 

Ghose et al., 2009 [29] Anecdotal report of poisoning 


Table 2: List of pertinent but excluded articles, with reason. 


In particular (Table 3), the 23 included studies focused on diabetic emergencies (7 
articles), on gastro-intestinal complications (5 articles), on road traffic accidents (4 articles), 
on acute cardiac events (2 articles), on urological complications (2 articles), on neurological 
complications (1 article) and on hypertensive emergency (1 article). 


Kind of emergency References 


Al Suwaidi et al., 2006 [5] 


Acute cardiac events Temizhan et al., 1999 [26] 
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Diabetes complications 


Gastro-intestinal complications (ulcer perforation and hemorrhage, acute 


mesenteric ischaemia) 


Hypertensive emergency 


Nephro-urological complications (kidney stones and colic episodes) 


Neurological complications (headache) 


Road traffic accidents 


Ahmad et al., 2012 [11] 

Al Sifri et al., 2011 [19] 
Benbarka et al., 2010 [20] 
Fatim et al., 2011 [21] 
Katibi et al., 2001 [22] 
Pinelli and Jaber, 2011 [23] 
Topacoglu et al., 2005 [12] 


Bener et al., 2006 [25] 
Göçmen et al., 2004 [14] 
Herrag et al., 2010 [15] 
Ozkan et al., 2009 [16] 
Parrilla Ruiz et al., 2003 [17] 


Topacoglu et al., 2005 [12] 


Abdolreza et al., 2011 [13] 
Al-Hadramy 1997 [24] 


Topacoglu et al., 2005 [12] 


Bener et al., 1992 [8] 

Khanmash and al-Shouha, 2006 [18] 
Shanks et al., 1994 [9] 

Tahir et al., 2014 [10] 


Table 3: Kind of emergency for each article included in the current review. 


Table 4 lists all the included articles, with a summary of the main findings. 





References 


Observed effect 





Abdolreza et al., 2011 [13] 


Increase in colic episodes 





Ahmad et al., 2012 [11] 


Increase in diabetic emergencies 





Al-Hadramy, 1997 [24] 


No changes (for colic episodes) 





Al Sifri et al., 2011 [19] 


No changes (for diabetic complications) 





Al Suwaidi et al., 2006 [5] 


Changes in timing of clinical presentations of acute cardiac events 





Benbarka et al., 2010 [20] 


No changes (for diabetic complications) 





Bener et al., 1992 [8] 


Increase in road traffic accidents 





Bener et al., 2006 [25] 


No changes (for gastro-intestinal complications) 





Fatim et al., 2011 [21] 


No changes (for diabetic complications) 





Göçmen et al., 2004 [14] 


Increase in gastro-intestinal complications 





Halasa, 2014 [4] 


Changes in timing of clinical presentations, not in frequency 





Herrag et al., 2010 [15] 


Increase in gastro-intestinal complications 





Katibi et al., 2001 [22] 


No changes (for diabetic complications) 





Khanmash and al-Shouha, 2006 [18] 


Decrease in road traffic accidents 





Langford et al., 1994 [7] 


Increase in ED attendance 





Ozkan et al., 2009 [16] 


Increase in gastro-intestinal complications 





Parrilla Ruiz et al., 2003 [17] 


Increase in gastro-intestinal complications 





Pekdemir et al., 2010 [6] 


No changes 





Pinelli and Jaber, 2011 [23] 


No changes (for diabetic complications) 





Shanks et al., 1994 [9] 


Increase in road traffic accidents 





Tahir et al., 2014 [10] 


Increase in road traffic accidents 





Temizhan et al., 1999 [26] 


Decrease in acute cardiac events 








Topacoglu et al., 2005 [12] 


Increase in hypertensive, neurological and diabetic emergencies 





Table 4: Summary of the observed effect for each article included in the current review. 


In conclusion (Table 5), 11 articles reported an increase in the frequency of ED access, 
whilst 2 articles found a decrease in ED use, 10 articles described no changes in ED 


attendance. 
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Kind of observed effect References 


Abdolreza et al., 2011 [13] 
Ahmad et al., 2012 [11] 
Bener et al., 1992 [8] 
Göçmen et al., 2004 [14] 
Herrag et al., 2010 [15] 


Increase Langford et al., 1994 [7] 


Decrease 


No changes 


Ozkan et al., 2009 [16] 
Parrilla Ruiz et al., 2003 [17] 
Shanks et al., 1994 [9] 
Tahir et al., 2014 [10] 
Topacoglu et al., 2005 [12] 


Khanmash and al-Shouha, 2006 [18] 
Temizhan et al., 1999 [26] 


Al-Hadramy, 1997 [24] 

Al Sifri et al., 2011 [19] 

Al Suwaidi et al., 2006 [5] 
Benbarka et al, 2010 [20] 
Bener et al., 2006 [25] 
Fatim et al., 2011 [21] 
Halasa, 2014 [4] 

Katibi et al., 2001 [22] 
Pekdemir et al., 2010 [6] 
Pinelli and Jaber, 2011 [23] 


Table 5: Kind of observed effect (increase; decrease; no changes in emergency department use) for each article included in the 


current review. 


Conclusion 


There is a strong need for evidence-based suggestions and guidelines [3]. Few studies 


are available, with contrasting findings. Research is needed to shed light on this highly 
clinically relevant topic. Physicians should stay alert during the month of the fasting and 
organize particular “Ramadan walk-in clinics”, addressing the specific needs of the patients 
during this month. Adequate counseling and collaboration with local religious authorities 
are very important. 
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Abstract 


Ramadan fasting, the ninth month of Islamic Hijri Calendar is a religious duty of Islam, 
annually followed by millions of Muslims worldwide to fulfil their worshipand to abstain from 
food and water from dawn to sunset. Fasting during Ramadan is commonly seen as beneficial 
for health. Among disabled individuals with acute or chronic diseases, certain diabetes patients 
can be exempted from this obligation. On one hand, many people with this long-term-illness 
still prefer or insist to observe fasting, without medical guidance, exposing themselves to 
certain health risks as a direct consequence of fasting, or of a change in food and frequency of 
medication intake. Education provided by a well-trained health care team appears to have a 
major effect on diabetes management during Ramadan to reduce major complications. 


The present chapter emphasis on the effect of Ramadan fasting on diabetes patients and 
the risks associated, focusing on the pre-Ramadan assessment for those who want to fast 
safely. Furthermore, it provides the latest updated recommendations and advices in terms 
of diet, medication and prevention. 


Keywords: Diabetes; Fasting; Ramadan 


Abbreviations and Acronyms: ADA: American Diabetes Association; EPIDIAR: 
Epidemiology of Diabetes and Ramadan; GLP-1: Glucagon-Like Peptide-1; HbA1C: Glycated 
Haemoglobin A1C; HCP: Healthcare Providers; OHA: Oral Hypoglycemic Agents; TEI: Total 
Energy Intake; T2D: Type 2 Diabetes 


Introduction 


Ramadan, one of the five main pillars of Islam, is the ninth month in the Islamic 
calendar. Its duration varies according to geographical location and season; it precedes by 
10-11 days every year, and generally lasts 28-30 days. Fasting during Ramadan involves 
refraining from any food, drink, smoking, sexual activities and oral medications from dawn 
to sunset. Blood taking, insulin injections, using inhalers for asthma and vaccinations do 
not invalidate the fast. Ramadan fasting is a duty for all healthy adult Muslims. However, 
children under the age of puberty, the old and frail, individuals who are sick, mainly those 
with chronic illnesses in whom fasting may be detrimental to health, traveling, pregnant, 
breast-feeding, menstruating, or debilitated are exempt from fasting “God intends every 
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facility for you, he does not want to put you into difficulties” (Quran 2:185). 


Most Muslims who are fasting Ramadan eat two main meals; the first before sunrise 
(known as Sahor) and the second after sunset (known as Iftar). The main objective of fasting 
Ramadan is to inculcate in Muslims the spirit of sacrifice, to teach moral and self-discipline 
and sympathy for the poor [1,2]. 


Ramadan Fasting and Diabetes 


Studies concerning the effect of Ramadan fasting are controversial and not yet well 
established in diabetic subjects particularly with regards to who could observe fasting 
without any health risk [3]. 


Among disabled individuals with acute or chronic diseases, certain diabetics can be 
exempted from fasting. Many people with diabetes still prefer to fast, without medical 
guidance, exposing themselves to certain health risks as a direct consequence of fasting 
or because of a change in food and frequency of medication intake. Although the benefit 
of experimental supplemented fasting has been well demonstrated, in diabetics, the 
consequential effects of fasting during Ramadan remain often controversial [4-7]. 


Recent collaboration between the International Islamic Fiqh Academy and The Islamic 
Organization for Medical Sciences produced a comprehensive guidance based on extensive 
review of the evidence of possible risk to diabetic patients if they observe fasting [8,9]. The 
new guidance categorized people with diabetes into 4 groups according to their risk (Table 1). 


e Severe hypoglycemia within the last 3 months prior to Ramadan 

e Patients with a history of recurrent hypoglycemia 

e Patients with lack of hypoglycemia awareness 

e Patients with sustained poor glycemic control 

e Ketoacidosis within the last 3 months prior to Ramadan 
Category 1: Very high-risk group e Type 1 diabetes 

e Acute illness 

e Hyperosmolar hyperglycemic coma within the previous 3 months 

e Patients who perform intense physical labor 

e Pregnancy 

e Patients on chronic dialysis 


e Patients with moderate hyperglycemia blood glucose 

levels of 10.0—16.5 mmol/L (180—300 mg/dL) or high HbA1C 

(>10%) 

e Patients with renal insufficiency 

e Patients with advanced macro vascular complications 
Category 2: High-risk group e People living alone who are treated with insulin or 

sulphonyl ureas 

e Patients living alone with comorbid conditions that present 

additional risk factors 

e Old age with ill health 

e Drugs that may affect cognitive state 


Category 3: Moderate risk e Well-controlled patients treated with short-acting insulin 


e Well-controlled patients treated with diet alone, metformin, 


a ao ew ier or a thiazolidinedione, who are otherwise healthy 


Table 1: Expert recommendations for risk stratification related to Ramadan fasting in patients with diabetes (Organization of the 
Islamic Conference) [8,9]. 


HbAic: Glycatedhaemoglobin Ac 
Pathophysiology of Fasting 
In healthy people 


Ramadan fasting constitutes a period of food and water abstinence which may vary from 
12 to 18 hours from dawn to sunset, depending on region and season. The body adapts to 
these metabolic changes and develops regulation mechanisms to maintain a normal level of 
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serum glucose and ensure the supply of energy through tissue involving counter-regulatory 
hormones glucagon and catecholamines [10]. 


In healthy individuals eating stimulates the secretion of insulin. This in turn results in 
glycogenesis and storage of glucose as glycogen in liver and muscle. However, during fasting 
a reduction of insulin secretion is observed while counter-regulatory hormones glucagon 
and catecholamines are increased. This leads to glycogenolysis and gluconeogenesis. The 
low level of insulin in circulation induces an elevation of fatty acid release and oxidation that 
generates ketones which are used as a source of energy (Figure 1A). 


Concerning body weight, results on the effects of Ramadan fasting on weight changes have 
been controversial. A resent systematic review, on the effect of fasting during Ramadan, have 
shown that the weight lost during Ramadan is relatively small and body weight variations during 
Ramadan fasting are mostly reversed after Ramadan, gradually returning to pre-Ramadan 
status [11]. These variations in body weight are mainly due to lifestyle modification during 
Ramadan month. Nevertheless, restrictions in meal frequencies or energy intake alone cannot 
explain these variations. Other factors could have a significant effect on body weight such 
dehydration, changes in diet, physical activity and even sleeping hours [11]. 


In diabetic people 


An excessive glycogenolysis, gluconeogenesis and ketogenesis has been seen among 
patients with type 1 diabetes and severe insulin deficiency, which may lead to hyperglycemia 
and ketoacidosis that may be life-threatening [1] (Figure 1B). 


Results about the effect of Ramadan fasting on body weight among individuals with diabetes 
remain controversial. Some authors reported a decrease in body weight [3,12-19], while others 
noticed an increase [20-22] or non-change [23-26]. The EPIDIAR study revealed weight was 
unchanged in the majority of patients with type 1 (62.5%) and type 2 diabetes (54.1%) [27]. 


Concerning the effect of fasting during Ramadan on glycemic control, several studies 
reported no change in Glycated Hemoglobin (HbAlc) or fructosamine levels [24,28]. 
However, the main issue for people with diabetes, who want to fast and for the healthcare 
professionals, is the variation in glycaemia (hypo and hyperglycemia). Ramadan fasting has 
no significant effects on well controlled patients under oral medication or diet [29]. 


Modifying eating habits during Ramadan fasting and then significantly increasing one’s 
intake after breaking the fast, could unbalance the metabolism of patients with diabetes 
and influence their nutritional intake and their anthropometric parameters. 
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Figure 1: Pathophysiology of fasting in normal (A) and diabetic (B) individuals. 
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Risks Associated with Fasting Ramadan and Diabetes 


The exact medical effect of fasting during Ramadan on diabetic individuals is not well 
studied. However, both the religious and medical advice clearly demonstrates clearly 
demonstrates that some people with diabetes are exempt from and should avoid fasting due 
to the risks to their metabolic condition [10]. 


The ADA (American Diabetes Association) published a consensus statement on the 
management of diabetes during the month of Ramadan in 2005 aiming the reduction of risks 
related to fasting during this period [1]. The metabolic effects of fasting for people with diabetes 
are multiple. They range from the risk of increased frequency of hypoglycemia, postprandial 
hyperglycemia with or without diabetic ketoacidosis, dehydration and thrombosis. 


Hypoglycemia 


The Epidemiology of Diaiabetes and Ramadan (EPIDIAR) study of 12,243 Muslim 
patients showed that: 1,070 (8.7%) patients with type 1 diabetes and 11,173 (91.3%) 
patients with type 2 diabetes, reported that fasting during Ramadan increased the risk of 
severe hypoglycemia by 7.5-fold (from 0.4 to 3 events per 100 people per month). During 
Ramadan, 2% of patients with type 2 diabetes had experienced at least one episode of 
severe hypoglycemia requiring hospitalization and 42.8% of patients with type 1 diabetes 
and 78.7% with type 2 diabetes fasted for at least 15 days [27]. 


A prospective cohort study concluded that fasting during Ramadan increased the rate of 
symptomatic hypoglycemia for patients with type 2 diabetes about 1.6 fold [30]. 


Hyperglycemia 


Varying effects of fasting have been reported in people with diabetes: deteriorating, 
improving, and showing no change. The EPIDIAR study showed a five-fold increase in the 
incidence of severe hyperglycemia (requiring hospitalization) during Ramadan in people 
with type 2 diabetes.The excessive reductions in blood glucose-lowering medications may 
be one of the main causes [27]. 


Diabetic ketoacidosis 


Diabetic patients who fast Ramadan are at elevated risk for developing diabetic 
ketoacidosis, particularly if they have high blood glucose levels before the period of fasting 
begins. The risk for diabetic ketoacidosis may be majored further increased due to excessive 
reduction of insulin - based on the assumption that food intake is reduced during the 
month of Ramadan of Ramadan [31]. 


Dehydration and thrombosis 


A reduction intake of fluids can induce dehydration particularly in hot and humid 
climates, and among people who perform hard physical labor. Furthermore, hyperglycemia 
can result in the loss of body fluid through excessive urination, and contribute to depletion 
of electrolytes in the body. People with pre-existing nerve damage may develop symptoms 
of low blood pressure. This can lead to loss of consciousness, falls, and injuries, such as 
bone fractures. People with diabetes have lower levels of endogenous anticoagulants and 
are at risk for blood clotting - which might result in heart attack or stroke. Increased blood 
viscosity as a result of dehydration may exacerbate the risk of thrombosis [32,33]. 


It should be mentioned that effects of fasting may be affected by genetic and environmental 
factors, such as nutrition habits and the length of fasting day. Therefore, difference in the 
effects of Ramadan fasting may occur between seasons and countries [34]. 


For that purpose, a Pre-Ramadan diabetes assessment is highly recommended so that 
patients can be made aware of individual risks and recommended strategies to minimize these 
risks — or even advised to refrain from full observance due to their current health status [10]. 
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Assessment before Ramadan 


Expert opinion recommends that, if a patient wishes to fast during Ramadan, the primary 
physicians and/or diabetes care specialists should make an assessment several months 
before Ramadan [35]. Specific attention should be paid to people’s overall well-being and 
to the control of their blood glucose levels, blood pressure, and lipids. Appropriate blood 
tests should be ordered and evaluated. People with diabetes should receive specific medical 
advice concerning the potential risks involved in fasting (Table 2). 


Medical assessment 
e Tailored to individual needs. 
e Review of overall glycaemic control, BP & lipids, renal function, weight and BMI. 
e Review of diabetes medications, i.e. therapy options, timing and dosage adjustment. 
Ramadan focused structured education 
To educate patients, family and carers on the effects of fasting on diabetes, including: 
e Meal planning and dietary advice with dietician. 
e Appropriate exercise. 
e Blood glucose monitoring. 
e Recognition and management of acute complications e.g. hypo-, hyperglycaemia, dehydration, and when to break fast. 


Table 2: The pre-Ramadan assessment (2-4 months before Ramadan) [28]. 


It should be noticed that Muslim religious leaders play an important role too, regarding 
religious fasting, for patients with diabetes, by providing them education and support, especially 
for those who insist to fast regardless the risks involved, and also for patients who do not wish to 
fast but do so in order not to alienate themselves from the rest of the Muslim community [9,28]. 


Recommendations for Safer Ramadan Fasting 


Several months prior to Ramadan, leaflets, booklets, posters, classes and group sessions 
containing information and advice should be provided in diabetes healthcare centers [36]. 
The physician and/or diabetes healthcare team should be seen at least one month prior to 
the start of the fast [1,36]. Treatment should be individualized to take into account overall 
health status, metabolic control, dietary practices, customs and lifestyle. 


A novel program called READ (Ramadan Education and Awareness in Diabetes) has been 
designed in UK andendorsed by the National Institute for Health and Clinical Excellence. 
This Ramadan-focused education program was aimed, on one hand, to provide a structured 
education among people with type 2 diabetes who wanted to fast Ramadan and, on the other 
hand, to determine its effectiveness on weight and hypoglycemic episodes during the fasting 
period [37]. Table 3 outlines the objectives of the program [37]. 


Meal planning and dietary advice 
e The diet during Ramadan should not differ from a healthy 
balanced diet. 
e Slow energy-release food (such as wheat, semolina, beans, Blood glucose monitoring 


rice) is favoured. e Blood glucose testing does not constitute breaking fast. 
e Reduce food high in saturated fat (such as ghee, samosas * Patients who fast should know how to test their blood 
and pakoras). glucose. 
Exercise e We encourage patients to test their blood glucose when 
e Light and moderate exercise is recommended for T2D symptomatic or unwell. 
patients. Recognizing and managing complications 
e Rigorous exercise during evening times may cause * Major symptoms of hypoglycaemia, dehydration and 
hypoglycaemia. hyperglycaemia should be well known by T2D patients and 
e  Tarawaih prayers (a series of prayers after the sunset meal) how to manage them. 
should be considered as part of the daily exercise regimen. e | Furthermore, for patients’ safety, fast should be broken 
Medical assessment when hypoglycaemia occurs. 


e Encourage patients to seek medical advice from their 
general practitioners before Ramadan with regarding to any 
necessary medication change or dose adjustment. 


Table 3: Aims of the Ramadan education and awareness in diabetes [28,38]. 
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Diet during Ramadan 


During the month of Ramadan the majority of people have a meal after sunset, referred 
to as Iftar (breaking of the fast), and a smaller meal before dawn referred to as Sahor (pre- 
dawn). Few studies have assessed the food intake among type 2 diabetics and we find 
conflicting results with those reported by Azizi and Siahkolah by Azizi and Siahkolah [8]. A 
decrease in daily calorie intake has been seen as one of the advantages in Ramadan fasting 
(8,12,19,23,24,26,29,39]. Some authors [12] observed a decrease in energy intake (103 
Kceal/d), though not statistically significant, which is correlated with meal frequency [23]. 
However, in another study [21], the Total Daily Energy Intake (TEI) remained unchanged. 


Diet during non-fasting hours should not differ from the usual recommended healthy 
and balanced diet for people with diabetes [1,40]. Meals should not be skipped and the 
“Sahor’ meal should be taken as late as possible and not at midnight [1,41]. Ideally, three 
meals a day spaced four to six hours apart would still be consumed. Culturally important 
foods do not have to be forbidden, butvery sweet desserts and high-fat and fried foods 
should be limited to small portions [40]. Gorging and overconsumption should be avoided. 
Concerning dehydration during Ramadan, it represents the greatest health risk for afull- 
day fast. To reduce the risk, two liters of water or sugar- and caffeine-free liquid should be 
consumed. 


As a general rule, people should maintain a healthy and balanced diet during Ramadan 
month. The common practice of ingesting large amounts of foods that are high in fat and 
carbohydrates, especially at the sunset meal, should be avoided. It is recommended that 
non-caloric fluid intake be increased during the non-fasting hours. The pre-dawn meal 
should be taken as late as possible before the start of the daily fast. 


Medical assessment 


People with type 1 diabetes: In general, people with type 1 diabetes are at very high 
risk of developing severe complications, and should be strongly advised to not fast during 
Ramadan [10]. 


Typically, people with type 1 diabetes who insist on fasting will need two daily injections 
of NPH (Neutral Protamine Hagedorn) intermediate-acting insulin, administered before the 
pre-dawn and sunset meals, in combination with short-acting insulin to cover food intake 
during the associated meals. However, there is an increased risk of hypoglycemia around 
midday due to peaking of the early morning insulin dose [31]. 


Using long-acting ultralente insulin is an option - twice-daily injections at 12-hour 
intervals to mimic basal insulin, plus rapid- or short-acting insulin before the two meals. 
Ultralente cannot really be considered basal insulin, since it has a broad peak of action - 8 
to 14 hours. Therefore, protracted hypoglycemia can occur, especially since the duration of 
action of ultralente varies widely — between 18 and 30 hours [1]. 


People with type 2 diabetes 


Oral medications: Since there are no large randomized controlled trials to assess the 
safety and efficacy of the various (OHA) Oral Hypoglycemic Agents for people with diabetes 
during Ramadan, it is recommended to avoid drugs increasing the risk of developing 
hypoglycemia [10]. However, another issue can arise, many health care providers advise to 
reduce OHA during Ramadan in order to avoid hypoglycemia [27] leading to the elevation of 
the postprandial hyperglycemia. In addition, the timing of medication needs to be modified 
according to the type of drug, and the dose adjustment will vary according to individual 
glycemic control [10]. 


In general, OHA that act by increasing insulin sensitivity are associated with a lower risk 
of hypoglycemia. People who take metformin may fast safely because the risk of developing 
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hypoglycemia is reduced. However, the timing of the doses should be modified: two thirds 
of the total daily dose to be taken immediately before “Iftar”, with the other third taken 
before undertaking the fast i.e., at “Sahor’. People on insulin sensitizers (rosiglitazone and 
pioglitazone) have a low risk of hypoglycemia. Usually no change in dose is required [31]. 
Concerning sulfonylureas, they should be used with caution during fasting, because of the 
inherent risk of hypoglycemia. Newer members of the sulfonylureas: gliclazide MR [42], 
glimepiride [43] have been shown to be effective, resulting in a lower risk of hypoglycemia. 


Incretin-based therapies (exenatide and gliptins): DPP-4 inhibitors prevent the 
rapid degradation of endogenous Glucagon-Like Peptide-1 (GLP-1) and glucose-dependent 
insulinotropic peptide and increases plasma levels of their intact, active form. Vildagliptin, 
an anti OHA, which acts by an enhancement of pancreatic islet function, with improved 
B- and a-cell sensitivity to glucose [44], is associated with minimal risk of hypoglycemia 
in combination with metformin, sulphonyl urea or a thiazolidinedione [45,46]. In a recent 
study, vildagliptin add-on to metformin reduced HbA1c without causing hypoglycemia [47]. 


Glucagon-Like Peptide-1 (GLP-1) is a naturally occurring peptide hormone, released from 
the gut after eating. The GLP-1 analogues have shown their effectiveness as unique agents 
providing glycemic decrease with a significant low risk of hypoglycemia during Ramadan. 
However, further evidence regarding their use is needed [48]. 


Insulin: Insulin can be safely used in type 2 diabetic individuals. Twice daily premixed 
insulins such as lispro mix 25/75 (25% insulin lispro and 75% neutral protamine lispro) 
and human insulin 30/70 have been used safely during Ramadan. People with T2D 
under insulin face similar problems to those associated with type 1 diabetes, so the 
incidence of hypoglycemia episodes is lower among them [31]. Long-acting insulin, such as 
glargine, should be given at “Iftar to avoid hypoglycemia during daytime fasting [49]. It is 
recommended that the usual morning dose can be used with the sunset meal and half the 
usual evening dose can be used with the pre-dawnmeal. In a Turkish study, the authors 
reported that meal-time repaglinide three times a day plus single-dose insulin glargine was 
safe (no hypoglycemia episodes, no change in glycemic control or weight gain) for individuals 
who insisted on fasting with low risk [50]. 


Pregnancy and fasting in people with diabetes: Pregnant women belong to the category 
with very high risk, basically they should not fast. The Quran exempts pregnant and breast 
feeding women from fasting in the absence of diabetes. Evidently, diabetic pregnant women 
are at a higher risk if they undertake fasting during the whole month. Hence, guidelines for 
the management of diabetes in Ramadan strongly advise against fasting [24]. 


Breaking the fast: When fasting may have a negative impact on health an exemption 
from fasting is offered by Islam, as said in the sacred book Quran:“(Fasting) for a fixed 
number of days; but if any of you is ill, or on a journey, the prescribed number (Should be 
made up) from days later. For those who can do it (With hardship), is a ransom, the feeding of 
one that is indigent” (Al-Qur’an, 2:184). All patients should break the fast if blood glucose is 
<3.3 mmol/L or exceeds 16.7 mmol/L [1]. They should be advised to break the fast if blood 
glucose is <3.9 mmol/L in the morning if the patient is taking sulfonylurea or insulin [1]. 


Conclusion 


Ramadan fasting remains a real challenge for Muslim diabetic patients and their health 
care providers since religion and culture have a great impact on the management of diabetes 
during this month. Since the decision is ultimately up to the patient, more education and care 
is required, and more medical training for physicians, need to be given. The Pre-Ramadan 
period is crucial to offer work group sand awareness campaigns on diabetes education, with 
sessions focused on Ramadan fasting and adjustment of treatment [37,51]. 


Finally, more research is welcome on Ramadan fasting and diabetes as there is a lack of 
strong evidence-based practice. 
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Abstract 


According to the Sunnah, Ramadan fasting represents the fourth of the five pillars of the 
Islam creed. Even though patients are exempted from observing this religious duty, they 
may be eager to share this particular moment of the year with their family and peers, by 
attending the special prayers, social gatherings and other ceremonies. However, there are 
no guidelines or standardized protocols that can help physicians to properly address the 
issues and concerns of patients with infectious diseases fasting in Ramadan and correctly 
advising them. Moreover, in a more interconnected and globalized society, in which more 
and more Muslim patients live in the Western countries, this topic is of high interest also 
for the general practitioner. For this purpose, we carried out a systematic review. No time 
and language restrictions were applied. Our main findings are that: 1) patients suffering 
from type 1 and 2 diabetes mellitus at risk of developing infectious complications should 
not fast; 2) Ramadan fasting has little or scarce impact on diarrheal patients; 3) Human 
Immunodeficiency Virus (HIV) represents a challenge and ad hoccombinations and regimens 
should be counseled and recommended to patients, as well as they should be advised not 
to take too heavy fatty meals when breaking the fast since this could interfere with the 
treatment; 4) Ramadan fasting has no effect on the effectiveness of anti-helminthic therapy; 
5) patients with healed, non-active ulcer and with eradicated Helicobacter pylori can safely 
fast and take proton-pump inhibitors, whilst patients with active ulcer disease should not 
fast, since they have a higher probability of developing complications such as perforation. 


Keywords: Diabetes Mellitus; Diarrhea; Human Immunodeficiency Virus; Hookworm 
and Tropical Infections; Infectious Diseases; Ramadan Fasting; Ulcer Disease 


Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), is 
particularly blessed and of great value and significance among Muslims, representing the 
month of the descent of the Qu’ran. Ramadan fasting (as-sawm) is considered one of the 
five Islamic pillars of the creed (arkan al-Islam), being the fourth according to the Sunnah, 
together with the faith declaration or profession (as-shahada), the ritual five daily prayers 
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(as-salah), the pilgrimage to Mecca (hay), and charity (zakat). According to the Shiaa, 
Ramadan is the second practice of faith. 


Ramadan is not only abstinence from food and drinking, but also from smoking, 
medication and sexual intercourses (Surat 2 “Al-Baqarah”, ayyat 183 and following verses). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of 
alternate fasting and feasting (re-feeding) periods [1]. The fast is broken, taking two 
traditional meals, pre-dawn meal which is termed as suhoor, whilst after-sunset meal is 
called iftar. Ramadan duration is variable, since the Islamic calendar is a lunar one and 
therefore the Islamic year contains 354 days (instead of 365, as in the Gregorian or solar 
calendar). It can last 29 or 30 days. For this reason, the Ramadan month occurs 11 days 
earlier every year, and may fall in any period of the year. It makes a complete cycle in a span 
of 33-36 years. Therefore, mean fasting duration is usually 12-14 hours, but depending on 
the place and the year it can last also up to 18 hours [1] or even 22 hours, in the extreme 
latitudes regions [1]. 


Pre-puberal and puberal children, menstruating, pregnant and breast-feeding women, 
sick people, debilitated older subjects and travelers (i.e., for a distance > 84 km) are 
exempted from this religious duty (Surat 2 “Al-Bagarah”’, ayyat 185-186). However, they 
could be willing to fast and share the spirituality of this month with their family and peers, 
by attending the prayers, social gatherings and other special ceremonies. 


The effects of Ramadan fasting on patients with infectious diseases or at a risk of 
developing an infectious complication is not a mere academic topic or of limit interest for 
only the Arabic countries. In a globalized society, the physicians have to face with issues 
like the management of infectious diseases in Muslim patients that to want to fast during 
Ramadan, since more Muslims live in the Western societies |1]. However, information is 
sparse and no guidelines or standardized protocols exist. For this purpose, we have carried 
out a systematic review that could be helpful for general practitioners. 


Material and Methods 


We systematically searched ISI Web of Science (WoS), Scopus, MEDLINE/PubMed, 
Google Scholar, DOAJ, EbscoHOST, Scirus, and ProQuest. We used a proper string made 
up of a combination of key-words such as “Islam”, “Ramadan”, “Fasting” and “Infection”. 


Review articles or research manuscripts not pertinent with the aim of this systematic 
review were excluded. No time and language filters were applied. 


Results 


We identified 10 studies (Table 1, divided according to their main topic), and we coded 
them. 3 studies focused on Human Immunodeficiency Virus (HIV), while other 3 research 
articles described the complications of ulcer disease during Ramadan. 2 studies assessed the 
infectious complications of patients suffering from type 1 and 2 diabetes mellitus. 1 study 
described the impact of Ramadan fasting on diarrheal patients and another 1 investigated 
the effect of fasting on the anti-helminthic therapy. 


Investigated topic References 
Elmehdawi et al., 2009 [2] 

Diabetes Kobeissy et al., 2008 [3] 

Surahio et al., 2009 [4] 

Diarrhea Leung et al., 2014 [6] 

Güven, 2004 [7] 

HIV Habib et al., 2009 [8] 
Yakasai et al., 2011 [9] 

Hokworm and tropical infections Sacko et al., 1999 [10] 
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Bdioui et al., 2012a [11] 
Ulcer disease Bdioui et al., 2012b [12] 
Gokakin et al., 2012 [13] 


Table 1: Studies divided according to their main topic. 


Discussion and Conclusions 


There is a strong need for evidence-based suggestions and guidelines, since the literature 
on infectious diseases is scarce. 


Kobeissy and coworkers [2] reviewed clinical recommendations for subjects suffering 
from type 1 diabetes mellitus and advised against fasting for those at risk of infections. This 
suggestion is valid also for type 2 diabetes, whose infectious complications were studied by 
Elmehdawi and coworkers [3]. The authors carried out a descriptive retrospective database- 
based analysis for the period 2007-2008. They found that infection was the commonest 
precipitating factor for Diabetic Ketoacidosis (DKA) during Ramadan (46.6%) followed by 
lack of adherence and compliance to treatment, even though there was no increase in the 
incidence and mortality rate for DKA. Surahio and collaborators [4] investigated another 
complication, namely the necrotizing fasciitis. They implemented a prospective observational 
study recruiting 35 patients. They found that the major co-morbid factors were old age, 
diabetes mellitus, hypertension and renal failure. 


Other aspects of diabetes management have been already covered in other book-chapters [5]. 


The impact of religious fasting on diarrheal disease has been rarely studied. WeLeung and 
collaborators [6] conducted a retrospective database-based study and used data from the 
surveillance system of the International Centre for Diarrheal Disease Research, Bangladesh, 
Dhaka Hospital, from 1996 to 2012, to compare the pathogenesis and clinical presentation 
of patients suffering from diarrhea during Ramadan to that of control periods (that is to say, 
30 days immediately before Ramadan). They found that the prevalence of enteric pathogens 
was comparable, even though Shigella spp. was less detected during Ramadan. The authors 
speculated that this may be due to differences in food preparation (closer to scheduled 
mealtime and with higher temperature) and hygiene (increased frequency of hand and foot 
washing, because of the intense period of prayers). Also symptoms during Ramadan among 
adult Muslim patients were largely similar to those admitted during control periods, even 
though patients during Ramadan were characterized by a more severe sense of thirst and 
a longer hospital stay. There were no differences in the prevalence of severe dehydration, 
duration of diarrhea, intravenous fluid use, and severe complications such as hypotensive 
shock or death rate. Slight differences were noticed in patients suffering from cholera. 
The authors concluded that Ramadan has a scares impact on the clinical presentation of 
diarrheal patients. 


Sub-Saharan countries such as Ethiopia, Kenya, Nigeria, Somalia, South-Africa, 
Tanzania and Uganda are plagued by a heavy burden of HIV Infection. According to Güven 
[7], HIV patients may suffer from decreased bone density both because of less calcium uptake 
during Ramadan fasting and impaired drug functioning. Indeed some antiretroviral drugs, 
such as Lopinavir, Indinavir, Nelfinavir, and Ritonavir require food consumption, others 
like Didanosine, Zidovudine and unboosted Indinavir and Amprenavir are instead affected 
by heavy fatty meals uptake (such as the traditional Ramadan meals) and others having a 
short half-life like Zalcitabine, Delavirdine, Indinavir, Nelfinavir and soft-gel Saquinavir are 
affected by dosing schedule, regular frequency of assumption, concentration. An irregular 
intake of HIV therapies may impair the clinical outcome, leading to a worsening of the 
symptoms and favoring the insurgence of drug resistance and to virological failure, as well 
as altering pharmacodynamics, pharmacokinetics, tolerability and effectiveness profiles. 
Moreover, they may be exposed to anxiety disorder. On the other hand, fasting could be 
beneficial, mitigating the adverse effects of HIV treatment, such as hypercholesterolemia 
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and hypertriglyceridemia. Habib and collaborators [8] studied treatment adherence and 
compliance as well as other customary practices like self-reported health-related quality of 
life among 243 patients on Anti-Retroviral Therapy (ART) (142 willing to fast, 101 not fasting) 
in Kano, in northern Nigeria, in the period of 23 September—22 October 2006. Adherence 
on ART during Ramadan was 96% among fasting subjects and 98% among non-fasting 
individuals, and ever since commencement of ART, 80% and 88%, respectively. Observing 
a similar adherence and side-effects rates between the two groups and not noticing any 
impact on body weight and CD4 cell count, they concluded that fasting during Ramadan for 
HIV patients was safe. Yakasai and collaborators [9] replicated and confirmed these findings 
recruiting a sample of 17 heavily treatment-experienced stable patients (10 men) in Nigeria. 
They compared once-daily versus twice-daily dosed Ritonavir boosted Lopinavir with fixed- 
dose Tenofovir-Emtricitabine once-daily. They did not found any changes in treatment 
adherence and compliance, diarrhoea, CD4 cell count, viral load, haematocrit level, kidney 
and liver function, and lipid concentration. Effectiveness, safety and tolerability were not 
affected by Ramadan fasting, in particular by changes in nutritional pattern, food behavior 
and circadian rhythm. However, two patients (one being fully virologically suppressed) had 
post-Ramadan viral rebound with a significant decrease in CD4 cell count. In conclusion, 
summarizing the studies, clinicians can be provided with some useful suggestions [8,9]: 


a. Nelfinavir should be taken with meals twice at higher doses instead of thrice daily; 


b. Protease Inhibitors (PIs) like Lopinavir or Ritonavir twice daily or Atazanavir once daily 
should be advised; 


c. If possible PIs can be boosted by Ritonavir; 


d. once-daily dose regimens (combinations such as Tenofovir/Lamivudine, Emtricitabine / 
Efavirenz or Tenofovir/Lamivudine/Efavirenz) should be recommended; 


e. Didanosine usage should be not recommended; 


f. Pharmacogenetic tests could be used in order to select those HIV patients that can safely 
fast, not having genetic variants related to drug resistance; 


Patients with prior known ART clinical failure should not fast; 


HIV patients should be counseled and advised about the meals for breaking the fast, for 
example, they should avoid heavy fatty meals. 


Further research and studies are needed for optimizing ART regimens, considering the 
therapeutic window and schedule of each ARV and their combination. 


Sacko and collaborators [10] performed a randomized, single-blind, placebo-controlled 
trial in order to test whether the Ramadan fasting would compromise the efficacy of some 
anti-helminthic drugs. They tested pyrantel, mebendazole and albendazole, which are used 
for the treatment of hookworm infections (Necator americanus). The study was carried out 
in January 1998, in Sikasso, southern Mali, and West Africa. 285 subjects were recruited 
(about 68% of local population), and in 151 of them hookworm infection was diagnosed. 
Albendazole proved to be the most effective drug with an efficacy in the range 92.1-99.7%. 
Fasting did not interfere with the efficacy of the drug. 


Helicobacter pylori causes ulcer disease, whose reactivation and perforation risk is 
increased during Ramadan [11-13], because of increased gastric acidity. Bdioui and 
collaborators [11,12] conducted a retrospective comparative study of 224 cases and found a 
twofold increase in the frequency of the upper gastrointestinal hemorrhage. In conclusion: 


a. The patient with ulcer can safely fast while using a Proton Pump Inhibitor (PPI) if the 
ulcer is not active and Helicobacter pylori has been properly eradicated; 


b. The patient with an active ulcer should not fast. 
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Urinary trait infections have been already covered in another book-chapter [14]. 


The management of patients suffering from infectious diseases or at risk of developing 
an infectious complication is complex and requires a multidisciplinary team. Patients 
should be carefully checked and assessed, considering both the clinical symptoms and the 
laboratory exams. Also psychological aspects, such as motivation, and patient preferences 
and adherence/compliance to treatment should be investigated and taken into account. 
Care through faith and religious based practices should be explored [14]. 


Patients should be monitored during Ramadan and should be instructed to recognize 
some alarm symptoms. Patient empowerment plays a major role in the clinical management. 


In conclusion, if stable, patient’s eagerness to fast should be taken into account and 
even encouraged, since spirituality plays a key role. The patient feels indeed himself/herself 
more active being involved in the religious activities, and less depressed and isolated [14]. 
Some studies have shown that religiosity can increase treatment adherence and compliance 
among HIV patients [8,9]. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam creed. Even though 
patients are exempted from observing this religious duty, they may be eager to share this 
particular moment of the year with their family and peers. However, there are no guidelines 
or standardized protocols that can help physicians to properly address the issue of patients 
with Chronic Kidney Disease (CKD) fasting in Ramadan and correctly advising them. 
Moreover, in a more interconnected and globalized society, in which more and more Muslim 
patients live in the Western countries, this topic is of high interest also for the general 
practitioner. For this purpose, we carried out a systematic review, including also articles 
written in Arabic, Turkish and Persian languages. Our main findings are that: 1) recipients 
of kidney allograft can safely fast during Ramadan; 2) evidences for safety in patients with 
nephrolithiasis and CKD are instead mixed and controversial. On the other hand, 3) most 
studies have been carried out during Ramadan falling in cold seasons, and there is scarce 
information about Ramadan fasting in hot seasons. For these reasons, the findings may 
be not generalizable and therefore cautions should be taken and applied when advising 
patients; the physicians should carefully monitor their patients during the fasting period 
with an adequate follow-up, in order to avoid any injurious effect. 


Keywords: Chronic Kidney Disease (CKD); Hemodialysis; Kidney Transplantation; 
Peritoneal Dialysis; Ramadan Fasting; Renal Colic 


Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), is 
of great value and significance among Muslims, representing the month of the descent of 
the Qu’ran. Ramadan fasting (as-sawm) is considered one of the five Islamic pillars of the 
creed (arkan al-Islam), together with the faith declaration (as-shahada), the ritual prayers 
(as-salah), the pilgrimage to Mecca (hay), and charity (zakat). 
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Ramadan is not only abstinence from food and drinking, but also from smoking, 
medication and sexual intercourses (Surat 2 “Al-Baqarah”, ayyat 183). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of 
alternate fasting and feasting (re-feeding) periods |1]. Pre-dawn meal is termed as suhoor, 
whilst after-sunset meal is called iftar. Ramadan duration is variable, since the Islamic 
calendar is a lunar one and therefore the Islamic year contains 354 days (instead of 365, 
as in the Gregorian or solar calendar). For this reason, the Ramadan month occurs 11 days 
earlier every year, and may fall in any period of the year. Therefore, mean fasting duration 
is usually 12-14 hours, but depending on the place and the year it can last also up to 18 
hours [1,2] or even 22 hours, in the extreme latitudes regions [1]. 


Pre-puberal and puberal children, menstruating, pregnant and breast-feeding women, 
sick people, debilitated older subjects, and travelers are exempted from this religious duty 
(Surat 2 “Al-Bagarah’, ayyat 185-186). However, they could be willing to fast and share the 
spirituality of this month with their family and peers [3]. 


The effects of Ramadan fasting on kidney physiology and physiopathology are not a mere 
academic topic or a subject of interest limited only to the Arabic countries. In a globalized 
society, the physicians have to face with issues like the management of CKDs in Muslim 
patients that want to fast during Ramadan, since more Muslims live in the Western societies 
[4]. However, information is sparse and no guidelines or standardized protocols exist [3]. 
For this purpose, we have carried out a systematic review that could be helpful for general 
practitioners. 


Material and Methods 


We systematically searched ISI Web of Science (WoS), Scopus, MEDLINE / PubMed, Google 
Scholar, Directory of Open Access Journals (DOAJ), EbscoHOST, Scirus, and ProQuest. We 
used a proper string made up of a combination of key-words such as “Islam”, “Ramadan”, 
“Fasting” and “Kidney”. 


Gray literature was also manually searched and inspected. Review articles or research 
manuscripts not pertinent with the aim of this systematic review were excluded, while all 
the other research articles (including editorials, letters, case reports) were retained. No time 
and language filters were applied. 


Results and Discussion 


We identified 26 studies (Table 1, divided according to their main topic), and we coded 
them, summarizing in Tables 2 and 3 the demographic characteristics, the clinical suggestions 
and interventions as well as the main findings, the investigated parameters and the used 
statistical techniques [2-26]. 15 studies investigated the effects and the impact of Ramadan 
fasting on recipients of kidney allograft, while 7 focused on patients suffering from renal 
colic and only 4 on CKD patients. Most studies were prospective and observational, with the 
exception of that by Basiri and collaborators, which is a retrospective, database-based study 
[12]. Most studies did not find any differences between fasters and not fasters, or between 
before and after Ramadan fasting (Table 4). The study by Bernieh and collaborators found 
improvements during the fasting and after [13]. Only 3 studies presented mixed evidences 
of an increased risk for fasting patients during Ramadan, and 3 showed clear negative 
evidences. However, most of studies (11/26) were conducted in cold seasons, while only 3 
in hot seasons, for the other 12 no information was available (Table 5). For this reason, the 
findings may be not generalizable to hot seasons and therefore cautions should be taken 
and applied when fasting in those periods. 
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Kidney Pathology 


Kidney transplant 


Renal colic 


CKD 


Reference 


Al Wakeel et al., 2013 [3] 


Günaydın et al., 2012 [2] 


Miladipour et al., 2012 [19] 


Qurashi et al., 2012 [22] 


Abdolreza et al., 2011 [6] 


Mousavi et al., 2011 [20] 


Bernieh et al., 2010 [13] 


Salem et al., 2010 [25] 


Reference 


Qurashi et al., 2012 [22] 
Mousavi et al., 2011 [20] 


Salem et al., 2010 [25] 


Boobes et al., 2009 [15] 
Einollahi et al., 2009 [16] 


Ghalib et al., 2008 [4] 


Einollahi et al., 2005 [17] 


Argani et al., 2003 [11] 


Said et al., 2003 [24] 


Abdalla et al., 1998 (First study) [5] 
Abdalla et al., 1998 (Second study) [5] 
Ouziala et al., 1998 [21] 

Al-Khader et al., 1996 [9] 

Bernieh et al., 1994 [14] 

Rashed et al., 1989 [23] 


Günaydın et al., 2012 [2] 
Miladipour et al., 2012 [19] 


Abdolreza et al., 2011 


[6] 


Bernieh et al., 2010 [13] 


Zghal et al., 2005 [26] 
Basiri et al., 2004 [12] 
Al-Hadramy, 1997 [7] 


Al Wakeel et al., 2013 [3] 
El Wakil et al., 2007 [18] 


Al Muhanna, 1998 [10] 


Al-Khader et al., 1991 


[8] 


Table 1: Studies divided according to their main topic. 


Investigated Parameters 


Weight, blood pressure, average daily urine output (as 
estimate of residual renal function), weekly creatinine 
clearance. 


Heart rate, systolic blood pressure, blood glucose, urine 
volume and density/specific gravity, urea, creatinine, 
leukocyte count in urine, erythrocyte count in urine, 
ketonuria. 


Total excretion of calcium, oxalate, uric acid, citrate, 
phosphate, magnesium, sodium and potassium in 24- 
hour urine, urine volume, urine concentration of calcium, 
oxalate, uric acid, citrate, phosphate, magnesium, 
sodium, and potassium, uric acid super saturation, 
calcium phosphate and calcium oxalate super saturation. 


MDRD GFR, e-GFR, serum creatinine. 


Number of visits and admissions to ED, mean room 
temperature, humidity. 


Systolic and diastolic blood pressure, serum urea, 
creatinine, BUN. 


Weight, systolic and diastolic blood pressure, hemoglobin, 
e-GFR, blood sugar, Hb Atc, serum creatinine, 
proteinuria, urinary sodium, potassium, carbonate, urea, 
lipid profile (HDL, LDL, total cholesterol, triglycerides), 
osmolality, protein/creatinine ratio. 


Body weight, blood pressure, urine volume, serum urea, 
creatinine, cyclosporine A, and creatinine clearance, 
urinary total count of leukocytes and erythrocytes, 
proteinuria. 


Statistical Analysis 


Not described in the test (method 
section). 
Student’s t-test, Pearson correlation 
analysis. 


Student’s t-test. 


Student's t-test, chi square test, Wilcoxon 
signed-rank test. 


ANOVA. 
Not described in the test (method 
section). 
ANOVA. 
Not described in the test (method 


section). 
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Boobes et al., 2009 [15] 


Einollahi et al., 2009 [16] 


Ghalib et al., 2008 [4] 


El-Wakil et al., 2007 [18] 


Einollahi et al., 2005 [17] 


Zghal et al., 2005 [26] 


Basiri et al., 2004 [12] 


Argani et al., 2003 [11] 


Said et al., 2003 [24] 


Abdalla et al., 1998 [5] 


Ouziala et al., 1998 [21] 


Al-Hadramy, 1997 [7] 


Al-Khader et al., 1996 [9] 


Bernieh et al., 1994 [14] 


Al-Khader et al., 1991 [8] 


Rashed et al., 1989 [23] 


Weight, systolic and diastolic blood pressure, creatinine, 

urea, uric acid, albumin, lipid profile (HDL, LDL, total 

cholesterol, triglycerides), ciclosporine A, tacrolimus, Unpaired 2 tail Student's t-test. 
hemoglobin, MDRD GFR, sodium, potassium and 

carbonate. 


Body weight and BMI, GFR, hemoglobin, creatinine Paired Student's t-test, Pearson chi 
clearance, serum BUN, creatinine, uric acid, blood square test, Fisher exact test, Wilcoxon 
glucose, electrolytes, lipid profile. signed-rank test, Mann-Withney test. 


Paired Student's t-test, chi square test, 
Wilcoxon signed-rank test, multiple linear 
regression. 


Body weight, MAP, plasma creatinine, proteinuria. 


GFR, mean blood pressure, NAG, blood glucose, BUN, Paired Student's t-test, Mann-Withney 
serum sodium, potassium, albumin, glucose, lipid profile test, | Wilcoxon signed-rank test, 
(cholesterol, triglycerides), proteinuria. Spearman's rank correlation analysis. 


Body weight, standing and lying blood pressure, serum Not described in the test 


levels BUN, creatinine, uric acid, lipids, and hemoglobin. section). 


(method 


Crystalluria and other urinalysis parameters. NA. 


Number of visits and admissions to ED. Unpaired Student's t-test. 


Body weight, blood pressure, BUN, lipid profile (LDL, 
VLDL, HDL cholesterol), C3, C4, IgA, IgG, IgM, B-cell ANOVA, Friedman test. 
count, T-cell count, proteinuria. 


Serum urea, creatinine, systolic and diastolic blood Pearson chi-square, Fisher exact test, 
pressure, blood sugar. Wilcoxon signed-rank test. 


Serum potassium, sodium, urea, creatinine, cyclosporine 


A, urinary osmolality, FENa. Paired Student's t-test. 


Body weight, standing and lying blood pressure, serum 

sodium, potassium, chloride, calcium, phosphorus, uric 

acid, urea, creatinine, bicarbonate, total protein, lipid 

profile (triglycerides, cholesterol), bilirubin, aspartate Student's t-test. 
amino transferase, alanine amino transferase, alkaline 

phosphatase, hemoglobin, white blood cells, proteinuria, 

FENa and hematuria, urine volume. 


Number of visits and admissions to ED for renal colic Pearson product moment, correlation 


episodes. analysis, Student's t-test. 


Body weight, blood pressure, urinary osmolality, FENa. NA. 


Body weight, standing and lying blood pressure, 

total leukocyte count, hemoglobin, serum potassium, 

sodium, urea, creatinine, total protein, glucose, albumin, Student's t-test. 
cyclosporine A, lipid profile (cholesterol, triglycerides), 

FENa, urine volume, proteinuria. 


Body weight, blood pressure, urinalysis. NA. 


NA. NA. 


Table 2: Studies summarized according to the investigated parameters and the used statistical techniques. 


Abbreviations: ANOVA: Analysis of Variance; BMI: Body Mass Index; BUN: Blood Urea 
Nitrogen; ED: Emergency Department; e-GFR: estimated Glomerular Filtration Rate; FENa: 
Fractional Excretion of sodium; GFR: Glomerular Filtration Rate; Hb: Hemoglobin; HDL: 
High-Density Lipoprotein; LDL: Low-Density Lipoprotein; MAP: Mean Arterial Pressure; 
MDRD: Modification of Diet in Renal Disease; NA: Not Available; NAG: N-Acetyl-B-D- 
Glucosaminidase; VLDL: Very Low-Density Lipoprotein 
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Reference 


Al Wakeel et al., 2013 
[3] 


Gunaydin et al., 2012 
[2] 


Miladipour et al., 2012 
[19] 


Qurashi et al., 2012 
[22] 


Abdolreza et al., 2011 
[6] 


Demographic Carachteristics 


Study Design: prospective cohort observational/interventional 
study. 

Sample: 18 patients (10 F, 8 M) out of an initial cohort of 31 under 
PD; 8 on CAPD, 10 on CCPD. 

Age: mean age 41.8 + 15.7 years, in the range of 17-66 years. 
Mean Fasting Duration: 14 hours. 

Patients Monitoring: 3-4 weeks before Ramadan, during Ramadan, 
4 weeks after Ramadan. 

Inclusion Criteria: good and stable general health, autonomy and 
compliance to treatment. 

Exclusion Criteria: co-morbidities, 
compliance to treatment. 

Place: Saudi Arabia. 

Time: Ramadan 2009 (August-September). 


lack of autonomy and 


Study Design: matched case-control prospective observational 
study. 

Sample: 61 subjects (45 M, 16 F), 35 fasting (25 M, 10 F), 26 non- 
fasting (20 M, 6 F) as control group. 

Age: mean age 41.13 years. 

Mean Fasting Duration: 18 hours. 

Patients Monitoring: during Ramadan. 

Inclusion Criteria: faster, aged more than 18 years, with episodes 
of renal colic, accessing the ED. 

Place: Turkey. 

Time: Ramadan 2011 (August). 


Study Design: prospective matched case-control observational 
study. 

Sample: 57 men, 37 with kidney calculi, matched with a randomly 
selected group of 20 subjects with no history of kidney calculi. 
Age: mean age 41.66 + 6.80 years, in the range of 30-55 years. 
Mean Fasting Duration: 15 hours. 

Patients Monitoring: one day before Ramadan, during Ramadan, 
one day after Ramadan. 

Inclusion Criteria: subjects with a history of kidney calculi. 
Exclusion Criteria: co-morbidities. 

Place: Iran. 

Time: NA. 


Study Design: prospective matched case-control observational 
study. 

Sample: 43 fasters versus 37 non fasters. 

Age: mean age 43.7 + 15.6 years for the fasting group. versus 
mean age 41.8 + 15.4 for the non-fasting group. 

Mean Fasting Duration: 12-14 hours. 

Patients Monitoring: NA. 

Inclusion Criteria: recipients of kidney allograft. Mean length 
of time after transplant in the 2 groups was 64.4 + 30.4 (for the 
fasters) and 27.7 + 36.7 months (for the non-fasters). Mean follow 
up 7.6 + 1.3 months. 

Exclusion Criteria: NA. 

Place: Saudi Arabia. 

Time: Ramadan 2011 (August). 


Study Design: prospective observational cohort study. 

Sample: 610 patients with renal colic (441 M, 169 F). 

Age: in the range 15-85 years (mean age 37.6 years). 

Patients Monitoring: 2 weeks before Ramadan, during Ramadan, 
2 weeks after Ramadan. 

Inclusion Criteria: patients with episodes of renal colic. 

Exclusion Criteria: none. 

Time: Ramadan 2008 (September). 

Place: Iran. 


Main Findings 


Complication rates: 5/18 (27.8%). 
No statistically significant changes in 
the biomarkers and parameters. 


No significant changes apart from 
heart rate (p-value=0.007). Some 
significant correlations between 
urea and creatinine (r=0.38, 
p-value=0.003), between urine 
erythrocyte and leukocyte number 
(r=0.29, p-value=0.026), and between 
fasting days and blood pressure 
(r=0.48, p-value=0.015) were 
observed. A correlation between urine 
density and dehydration was NOT 
observed. 


Total excretions of calcium, 
phosphate, and magnesium in 24- 
hour urine, as well as urine volume 
during fasting were significantly lower. 
Urine concentration of calcium during 
fasting was significantly lower (p-value 
<0.001), while urine concentrations of 
uric acid, citrate, phosphate, sodium, 
and potassium were significantly 
higher. Uric acid super saturation was 
increased, while calcium phosphate 
super saturation was decreased 
significantly during fasting. 


No statistically significant differences. 


The number of admissions due to 
renal colic was high during the first two 
weeks of Ramadan. 
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Mousavi et al., 
2011[20] 


Bernieh et al., 2010 Patients Monitoring: 1 month before Ramadan, during Ramadan, 


[13] 


Salem et al., 2010 [25] 


Boobes et al., 2009 Patients Monitoring: 1 month before Ramadan, during Ramadan 


[15] 


Einollahi et al., 2009 Mean Fasting Duration: NA. 


[16] 
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Study Design: clinical case reports. 

Sample: 5 patients (2 M, 3 F); 2 suffering from glomerulonephritis, 
1 from diabetes mellitus. 

Age: mean age 32.6 + 6.7 years, in the range 25-40 years. 

Mean Fasting Duration: NA. 

Patients Monitoring: NA. 

Inclusion Criteria: NA. 

Exclusion Criteria: NA. 

Time: NA. 

Place: Iran. 


No statistically significant changes. 


Study Design: prospective observational cohort study. 

Sample: 31 CKD patients (19 M, 12 F) from an initial cohort of 45 
subjects, 14 in stage Ill, 12 in stage IV, 5 in stage V; 19 suffering 
from diabetes, 22 from hypertension. 

Age: mean age 54.0 + 14.2 years, in the range of 23-81 years. 
Mean Fasting Duration: NA. 


Weight reduction and lower systolic 
and diastolic blood pressure. e-GFR 
showed a significant improvement 
during the fasting month and the 
month after. The blood sugar was high 
during fasting with an increment in the 
Hb A1c level. Better lipid profile and 
reduction of the proteinuria and FENa 
were observed. 


1 month after Ramadan. 

Inclusion Criteria: patients with CKD, age more than 18 years. 
Exclusion Criteria: patients with kidney transplant, history of acute 
tubular necrosis and renal colic, severe co-morbidities, pregnancy, 
needing to assume medications more than twice a day. 

Time: Ramadan 2005 (October-November). 

Place: United Arab Emirates. 


Study Design: prospective cohort observational study. 

Sample: 25 patients recipient of kidney allograft (from an initial 
cohort of 100 subjects), 15 M and 10 F; mean post-transplantation 
duration of 8.5 years, with a range of 1.5-26 years; 5 patients 
suffering from hypertension; the final list of patients includes 20 
patients (5 did not complete the follow-up). 

Age: mean age 41.7 + 9.8 years (range 28-57 years) for the M 
subjects, mean age of 44.9 + 12.3 years (range 32-62 years) for 
the F patients. 

Mean Fasting Duration: NA. 

Patients Monitoring: 2weeks before Ramadan, during Ramadan, 2 
weeks after Ramadan. 

Inclusion Criteria: good renal function. 

Exclusion Criteria: NA. 

Time: Ramadan 2008 (September). 

Place: Libya. 


No statistically significant changes. 


Study Design: prospective cohort observational study. 
Sample: 22 patients (10 M, 12 F). 
Age: mean age 47 + 11.6 years (age in the range 25-69 years). 


Mean Fasting Duration: 12 hours and half. No. SAneicaly ea snangas 


apart from albumin (p-value=0.02), 
’ triglycerides (p-value=0.0011) and 
ciclosporine A level (p-value=0.03). 
No complications or adverse effects. 


1 month after Ramadan. 

Inclusion Criteria: recipients of kidney allografts. 
Exclusion Criteria: NA. 

Time: Ramadan 2004 (October-November). 
Place: United Arab Emirates. 


Study Design: prospective matched case-control observational 

study. 

Sample: 41 fasting patients matched with 41 non-fasting subjects. 

Age: mean age 42 + 12 years for the fasting group versus mean 

age 43 + 12 years for the non-fasting group. 

Patients Monitoring: during Ramadan. No statistically significant changes. 
Inclusion Criteria: transplantation at least 1 year prior to the study 
and stable renal function for at least 6 months prior to the study. 
Exclusion Criteria: NA. 

Time: Ramadan 2007 (September-October). 

Place: Iran. 


Ghalib et al., 2008 [4] 


El-Wakil et al., 2007 
[18] 


Einollahi et al., 2005 
[17] 


Zghal et al., 2005 [26] 


Basiri et al., 2004 [12] 


Study Design: prospective matched case-control observational 
study. 

Sample: 35 fasting patients matched with 33 non-fasting subjects. 
Age: mean age 39.5 + 13.2 years for the fasting group versus 
mean age 41.5 + 14.0 years for the non-fasting group. 

Mean Fasting Duration: 12-14 hours. 

Patients Monitoring: during Ramadan and throughout the 3 years No statistically significant changes. 
of this study. 

Inclusion Criteria: good and stable renal functions. 

Exclusion Criteria: impaired e-GFR/GFR, severe co-morbidities. 
Time: Ramadan 2004 (October-November), Ramadan 2005 
(October-November), Ramadan 2006 (September-October). 
Place: Saudi Arabia. 


Study Design: prospective observational cohort study. 

Sample: 15 pre-dialysis CKD patients (9 F, 6 M); 6 healthy 

volunteers as control group. Patients were suffering from diabetes 

mellitus (21.4% of the cases), hypertension (21.4%), chronic 

pyelonephritis (21.4%), chronic glomerulonephritis (14.2%), 

polycystic kidney disease (14.2%) and obstructive uropathy There was a significantly positive 
i) l correlation between the NAG values 
Age: mean age 53.0 + 15.6 years, in the range of 23-82 years. and the change in the blood glucose 
Mean Fasting Duration: NA. level (p-value=0.001) 

Patients Monitoring: NA. 
Inclusion Criteria: good and stable renal functions, creatinine 
clearances below 60 ml/min. 

Exclusion Criteria: age less than 20 years, severe co-morbidities. 
Time: Ramadan 2001 (November). 

Place: Egypt. 


Study Design: prospective matched case-control observational 
study. 

Sample: 19 fasting patients (11 M, 8 F) matched with a group of 20 
subjects who had not fasted in the last 3 years. 

Age: 33.5 + 10.5 years for the fasting group versus mean age 38.3 
+ 10.2 years for the non-fasting group. 

Mean Fasting Duration: 13-14 hours. No statistically significant changes. 
Inclusion Criteria: transplantation at least 1 year prior to the study 
and serum creatinine values below 1.5 mg/dL. 

Exclusion Criteria: co-morbidities and need for medications more 
than twice a day; and polyuria (urine volume >2.5 L/d). 

Time: NA. 

Place: Iran. 


Study Design: matched case-control observational study. 
Sample: 90 patients divided in 3 groups of healthy fasting 
individuals, healthy non fasting individuals, and non 
patients with calcium lithiasis. 

Age: NA. 

Mean Fasting Duration: NA. 

Patients Monitoring: during Ramadan. 

Inclusion Criteria: episodes of renal colic. 


sasing Crystalluria was higher in patients 
with lithiasis compared with healthy 
non-fasting individuals (58% versus 
11.4%). An increase in serum and 
urinary urea concentration was 


Exclusion Criteria: NA. oaseryad, 

Time: NA. 

Place: Tunisia. 

Study Design: retrospective observational study, database-based. 

Sample: 574 subjects (398 M, 176 F); 43 subjects fasting in 

Ramadan period. 

Age: mean age 36.4 + 14.0 years. There was no statistically significant 
Mean Fasting Duration: 12 hours. difference between frequency of 
Patients Monitoring: not applicable. admissions for renal stone colic 
Inclusion Criteria: subjects accessing the ED, with a history of episodes in Ramadan and mean 
renal colic. admission during the year for the 2 
Exclusion Criteria: NA. years of the study. 


Time: Ramadan 2000 (November-December), Ramadan 2001 
(November-December). 
Place: Iran. 
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Argani et al., 2003 [11] 


Said et al., 2003 [24] 


Study Design: prospective observational cohort study. 

Sample: 24 patients out of an initial cohort of 30 subjects (15 M, 

15 F). 

Age: mean age 39 + 4 years. 

Mean Fasting Duration: 12 hours. 

Patients Monitoring: 1month before Ramadan, during Ramadan, 1 No statistically significant differences 
month after Ramadan. between the 2 groups apart from 
Inclusion Criteria: recipients of kidney allograft, 30 months after the level of blood VLDL and HDL 
the transplantation, with serum creatinine less than 1.8 mg/dL cholesterol, C3, C4 and IgM. 

under triple immunosuppression and not taking drugs more than 

twice a day. 

Exclusion Criteria: severe co-morbidities, diabetes mellitus. 

Time: NA. 

Place: Iran. 


Study Design: prospective matched case-control study. 

Sample: 145 kidney transplant recipients divided in two matched 
groups of fasting (71) and non-fasting (74) subjects. 

Age: in the range of 18-64 years. 

Mean Fasting Duration: 12 hours. 

Patients Monitoring: 1 year before Ramadan, during Ramadan, 1 
year after Ramadan. 

Inclusion Criteria: good and stable general health, serum creatinine 
level less than 200 umol/L for at least 6 months before Ramadan. 
Exclusion Criteria: active peptic ulcer disease or renal stone 
disease. 

Time: Ramadan 2000 (November). 

PLACE: Kuwait. 


No statistically significant differences 
apart from the level of blood sugar 
(especially in patients suffering from 
diabetes type 1). 


Study Design: prospective observational cohort study. 

Sample: 23 transplant recipients (18 M, 5 F), 17 with a normal 

function and 6 with an impaired but stable function with plasma 

creatinine levels not exceeding 300 mmol/l. 

Age: mean age 35.5 years (age in the range 20-60 years). No statistically significant changes 


Abdalla et al., 1998 Patients Monitoring: 1 week before Ramadan, during Ramadan, 1 apart from a small but statistically 


(First study) [5] 


Abdalla et al., 1998 
(Second study) [5] 


Al Muhanna, 1998 [10] 
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week after Ramadan. significant (j-value=0.017) increase in 
Inclusion Criteria: recipients of kidney allograft. Mean post- serum potassium. 

transplant period was 2.0 (range 0.6-6.3) years. 

Exclusion Criteria: severe co-morbidities. 

Time: NA. 

Place: Saudi Arabia. 


Study Design: prospective observational cohort study. 

Sample: 34 patients with a mean post-transplant period of 6.2 
(range 1.6—15.3) years, 8 of them had impaired function with a 
mean serum creatinine level of 193.6 (range 142-263) mmol/l. 
Patients Monitoring: 1 week before Ramadan, during Ramadan 
1week after Ramadan. 

Inclusion Criteria: good and functional allograft. 

Exclusion Criteria: severe co-morbidities. 

Time: NA. 

Place: Saudi Arabia. 


’ No statistically significant differences. 


There was a Statistically significant 
elevation of serum creatinine, BUN, 
uric acid during the month of Ramadan 


Study Design: prospective observational cohort study. and two weeks after Ramadan. 
Sample: 36 patients (18 M and 18 F), with moderate to severe There was a statistically significant 
renal failure. deterioration of creatinine clearance 
Age: mean age of 39 + 5 years. and other biochemical parameters. 


Monitoring Patients: during Ramadan, 2 weeks after Ramadan. Complications rate: 25% (liquid and 
fluid accumulation, lower limb edema, 
weight gain, poor control of blood 
pressure). 


Ouziala et al., 1998 
[21] 


Al-Hadramy, 1997 [7] 


Al-Khader et al., 1996 
[9] 


Bernieh et al., 1994 
[14] 


Al-Khader et al., 1991 
[8] 


Rashed et al., 1989 Age: NA. 


[23] 


Study Design: prospective observational cohort study 


Sample: 14 patients (9 M, 5 F). There was no significant change 
Age: mean age 26.4 years (age in the range 18-32 years); in serum values apart from a 
transplantation 1-7 months before the beginning of the study. significant elevation of total plasma 
Mean Fasting Duration: 11 hours and half. proteins, urea, uric acid, hemoglobin, 
Inclusion Criteria: stable renal functions, less than 12 months from triglycerides, cholesterol, urinary 
the transplantation, not high immunosuppressive regimen. sodium and potassium concentration 
Exclusion Criteria: severe co-morbidities. (p-value <0.05). 5 patients (35.7%) 
Time: Ramadan 1997 (December-January). showed changes in body weight. 


Place: Algeria. 


There was no statistically significant 
difference between frequency of ED 
visits and admissions in Ramadan 
and in Haj festival (Tholhejah) and 
mean admission during the 3 years of 
the study. A significant correlation was 
found between urinary stone colic and 
both temperature and atmospheric 
pressure (p-value <0.0001), but not 
with relative humidity. 


Study Design: prospective observational cohort study. 

Sample: 447 M subjects with history of renal colic. 

Inclusion Criteria: subjects accessing the ED (80,951 ED recorded 
visits). 

Time: Ramadan 1992 (March-April), Ramadan 1993. 
(February-March), Ramadan 1994 (February-March). 

Place: Saudi Arabia. 


Study Design: prospective cohort observational study. 

Sample: 58 patients recepients of kidney allograft. No other 

information available. 

Age: NA. 

Patients Monitoring: NA. No statistically significant differences. 
Inclusion Criteria: NA. 

Exclusion Criteria: NA. 

Time: NA. 

Place: Saudi Arabia. 


Study Design: prospective observational cohort study. 
Sample: 11 patients (7 M, 4 F) out of an initial cohort of 45 subjects; 
the patients were transplanted between 12 to 62 months before 


and the mean age of the grafts was 30+15.6 months. There were no statistically significant 
Age: in the range 17-50 years. changes apart from potassium 
Inclusion Criteria: stable renal functions. Hypertension does not (p-va/ue=0.044) and blood pressure 
constitute an exclusion criterion. (p-value=0.013). 


Exclusion Criteria: severe co-morbidities. 
Time: Ramadan 1993 (February-March). 
Place: Saudi Arabia. 


Study Design: prospective observational cohort study. An increase in serum potassium 
Sample: 40 patients on hemodialysis, fasting on non-dialysis days. and _ inter-dialytic weight gain were 
Inclusion Criteria: being on hemodialysis for at least 6 months. observed. No complications such as 
Time: NA. pulmonary edema or hyperkalemia 
Place: NA. were recorded. 


Study Design: prospective matched case-control study. 

Sample: 43 recipients of kidney transplant. 

Inclusion Criteria: stable renal functions. Ng Statistically signiicant diitereness. 
Time: NA. 

Place: NA. 


Table 3: Studies summarized according to the demographic characteristics of the sample and their clinical suggestions, 


interventions and main findings. 


Abbreviations: BUN: Blood Urea Nitrogen; CAPD: Continuous Ambulatory Peritoneal 
Dialysis; CCPD: Continuous Cycling Peritoneal Dialysis; ED: Emergency Department; e-GFR 
estimated Glomerular Filtration Rate; F: Female; FENa: Fractional Excretion of sodium; 
GFR: Glomerular Filtration Rate; Hb: Hemoglobin; HDL: High-Density Lipoprotein; M: Male; 
NA: Not Available; NAG: N-Acetyl-B-D- Glucosaminidase; PD: Peritoneal Dialysis; VLDL: 
Very Low-Density Lipoprotein 
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Outcomes 


Neutral (no difference between fasters and non fasters) 


Positive (fasters have benefit) 


Negative (fasters may experience injurious effects) 


Mixed 


Reference 


Al Wakeel et al., 2013 [3] 
Gunaydin et al., 2012 [2] 
Qurashi et al., 2012 [22] 
Mousavi et al., 2011 [20] 
Salem et al., 2010 [25] 
Boobes et al., 2009 [15] 
Einollahi et al., 2009 [16] 
Ghalib et al., 2008 [4] 
Einollahi et al., 2005 [17] 
Basiri et al., 2004 [12] 
Argani et al., 2003 [11] 
Said et al., 2003 [24] 
Abdalla et al., 1998 (First study) [5] 
Abdalla et al., 1998 (Second study) [5] 
Ouziala et al., 1998 [21] 
Al-Hadramy, 1997 [7] 
Al-Khader et al., 1996 [9] 
Bernieh et al., 1994 [14] 
Rashed et al., 1989 [23] 
Bernieh et al., 2010 [13] 
Abdolreza et al., 2011 [6] 
El-Wakil et al., 2007 [18] 
Al Muhanna, 1998 [10] 
Miladipour et al., 2012 [19] 
Zghal et al., 2005 [26] 
Al-Khader et al., 1991 [8] 


Table 4: Some studies did not find any differences between fasters and not fasters, or between before and after Ramadan fasting, 
while other studies reported statistically significant differences or mixed evidences. 


Ramadan Season in which the Study has been Conducted References 


Hot seasons 


Cold seasons 


No available information 


Al-Wakeel et al., 2013 [3] 
Günaydın et al., 2012 [2] 
Qurashi et al., 2012 [22] 


Abdolreza et al., 2011 [6] 
Bernieh et al., 2010 [13] 
Boobes et al., 2009 [15] 
Einollahi et al., 2009 [16] 
Ghalib et al., 2008 [4] 
El-Wakil et al., 2007 [18] 
Basiri et al., 2004 [12] 
Said et al., 2003 [24] 
Ouziala et al., 1998 [21] 
Al-Hadramy, 1997 [7] 
Bernieh et al., 1994 [14] 


Miladipour et al., 2012 [19] 
Mousavi et al., 2011 [20] 

Salem et al., 2010 [25] 

Einollahi et al., 2005 [17] 

Zghal et al., 2005 [26] 

Argani et al., 2003 [11] 

Abdalla et al., 1998 (First study) [5] 
Abdalla et al., 1998 (Second study) [5] 
Al Muhanna, 1998 [10] 

Al-Khader et al., 1996 [9] 
Al-Khader et al., 1991 [8] 

Rashed et al., 1989 [23] 


Table 5: Studies divided according to the Ramadan season in which they have been carried out. 


Conclusions 


There is a strong need for evidence-based suggestions and guidelines [3]. An alarming 
letter was published, calling for caution in fasting patients during Ramadan and advising of 
a “R? syndrome” (religion and renal failure) [277]. 
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Even though the content of this letter is a bit exaggerated, patients with kidney diseases 
should be properly advised and counseled before the beginning of Ramadan, as well as 
during and after the fasting period, about the proper dietary and pharmacological regimen 
and other behaviors to follow. 


This could be done within a multidisciplinary team, made up of a nephrologist, 
a nutritionist, a psychiatrist or a psychologist. Patients should be carefully checked 
and assessed, considering both the clinical symptoms and the laboratory exams. Also 
psychological aspects, such as motivation, and patient preferences and adherence/ 
compliance to treatment should be investigated and taken into account. 


Patients suffering from uncontrolled diabetes or other dysmetabolic disorders, 
hypertension, angina, postural hypotension, significant co-morbidities leading to marked 
limitation and amendment of daily activities, or a history of non-compliance with therapy 
and dietary modifications should not fast during the month of Ramadan. 


Patients should take regularly their treatment twice a day (with suhoor and iftar 
respectively); if they should need drugs more than 2/die, they should consider switching to 
the former regimen (consulting their physician). If not possible, they should not fast. 


If needed, patients can choose between the two clinically available regimens of Peritoneal 
Dialysis (PD): modified continuous ambulatory PD (3 exchanges during the night and 
icodextrin infusion), modified continuous cycling PD (exchanges over 6-7 hours and 
icodextrin infusion) or CCPD. CAPD is generally preferred by younger patients, whilst CCPD 
by older subjects [3]. They should break the fasting if the plasma creatinine increases by 
the 30% above the baseline values and/or if you observe clinical symptoms due to changes 
in serum potassium and sodium [5]. 


Patients should be monitored during Ramadan and should be instructed to recognize some 
alarm symptoms such as swelling, shortness of breath, dizziness, anorexia or hyporexia, or 
a sense of lethargy [3]. Body weight, blood pressure, biochemical parameters such as fluid 
and electrolytes should be regularly checked throughout the Ramadan. Patients should 
attend regular follow-up every one-two weeks. 


When breaking the fasting, they should avoid high-potassium diet (such as dates, 
apricots, fried food, nuts, cheese, soft juices and drinks, coffee), and should drink up to 
1-2.5 1 of water in order to re-hydrate themselves but avoid exceeding in liquid amount [3]. 
If they have a tendency to hyperkalemia, they should take some calcium resonium powder 
(30 g/day with lactulose once a day). Anecdotal episodes of hyperkalemia/hypokalemia have 
been reported in the literature [28]. 


In conclusion, if stable, patient’s eagerness to fast should be taken into account and 
even encouraged, since spirituality plays a key role in CKDs. The patient feels indeed himself/ 
herself more active being involved in the religious activities, and less depressed and isolated [3]. 
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Abstract 


Ramadan fasting represents one of the five pillars of the Islam Sunni creed and the 
second Practice of Faith for the Shiites. Even though patients are exempted from observing 
this religious duty (Surat al-Baqarah, verses 184-185), they may be willing to fast and ask 
their clinicians for advice. Here, in this book chapter we review the extant literature on the 
relationship between the Ramadan fasting and psychiatric disorders. To our knowledge, 
this is the first systematic review which covers this topic. Since results are not conclusive, 
we call for further scholarly and high-quality researches in the field. 


Keywords: Bipolar and Related Disorders; Eating Disorders; Koro-Like Syndrome; 
Psychiatric Disorders; Ramadan Fasting; Sexuality; Substance-Related and Addictive 
Disorders 


Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hijra), has 
a great importance and meaning for all the Muslims in the world. 


Ramadan fasting (sawm, literally “abstinence”) represents the fourth of the five pillars 
of the Islam Sunni creed (arkan al-Islam or arkan al-din), being the declaration or faith 
or Shahada the first and being the others the prayer or Salat, Zakat or Charity, and Haj 
or Pilgrimage. It is the second Practice of Faith for the Shiites (being the Salat the first, 
the others being Hay, Zakat, Khums or taxes, literally “one-fifth”, Jihad or struggle, effort, 
Amr-bil-ma’ruf or Commanding what is good, Nahi-anil-munkar or Forbidding what is 
evil, Tawalla or Expressing love towards God and His friends, and Tabarra or Expressing 
dissociation from evil). 


Abstinence from eating and drinking, sexual intercourses, from sunrise to sunset, 
as well as intense prayers characterize this period. Usually, patients are exempted from 
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observing these rules, even though they may ask their doctors whether they can fast without 
experiencing injurious effects [1,2]. 


Since there are no guidelines and protocols on the relationship between Ramadan fasting 
and psychiatric disorders, the main objective of this book chapter is to review the extant 
literature, in order to draw the main conclusions that can help the physicians in addressing 
their patients’ concerns and to call for further research in the field. 


Bipolar and Related Disorders 


Bipolar Disorder, (BD) also termed as bipolar affective disorder, manic-depressive 
disorder, or simply manic depression, and Bipolar-Related Disorders (BRDs) are severe 
mental illnesses characterized by alternating episodes of elevated mood known as mania, 
and episodes of depression. About 2-3% of people have BD worldwide [3,4], even though 
a systematic review of the epidemiology of BRDs in Arabic countries is still missing. The 
pathogenesis of BD is not clearly understood, but both neuro-anatomic, genetic [5,6] and 
environmental |7] risk factors are believed to play a role. Treatments usually include mood 
stabilizing drugs, above all lithium, and psychotherapy [8]. 


There are few, sparse studies focusing on BRDs, limited to clinically stable BD, and with 
contrasting findings [9]. 


Kadri and collaborators [10] investigated a cohort of 20 Muslim patients (out of 40 
eligible subjects), who elected to fast during Ramadan in January 1997, suffering from BD 
clinically diagnosed according to ICD-10 criteria, and on lithium therapy for at least three 
months. They administered ad hoc psychometric scales and analyzed the blood lithium 
concentration. They found that 45% of them (n = 9 patients) relapsed during Ramadan, 
70% during the second week, the remaining subjects at the end of the fasting, and 71.4% 
of those relapses were characterized by manic episodes. Side-effects and toxicity of lithium 
increased and were observed in 48% of the sample. However, this finding was not conclusive 
since the relapse rate did not correlate with the blood lithium concentration. The authors 
speculated that the course of the illness of bipolar patients can be influenced by Ramadan- 
induced social disrupting, even though the scholars did not use a specific psychometric 
scale to investigate the impact, if any, of this parameter on the mood state. 


Eddahby and coworkers [11] investigated 170 patients with stabilized BRDs, clinically 
diagnosed according to the DSM-IV criteria. They evaluated 111 fasters and 59 matched 
non-fasters, during the Ramadan month in 2011 and 2012. Patients were assessed 
for depression, mania, anxiety, stress and religiosity. Sleep and eating patterns, use of 
stimulants and other drugs, as well as plasma lithium levels were assessed, one week before 
the month of Ramadan, on the second and fourth week of Ramadan, and two weeks after 
the end of the Ramadan month. The difference of relapse rate between fasters and non- 
fasters was statistically significant; in particular the risk of relapse among bipolar patients 
was increased by 2.77 fold in comparison to non-fasters. 


Farooq [12] investigated 62 patients meeting the ICD-10 criteria of BPRDs receiving 
lithium treatment for prophylaxis. Serum lithium level, electrolytes, depression and mania 
were assessed as well as the potential side-effects of lithium. The authors found that blood 
lithium concentration did not vary in a statistically significant way, as well as the side-effect 
and toxicity rates. The mood of the patients seemed to improve during the fasting and no 
relapse was noticed. The authors concluded that the patients who have stable mental state 
and lithium levels before Ramadan can be maintained on lithium during Ramadan. 


Nazar and co-workers [13] investigated a sample of 57 subjects (out of an initial cohort 
of 62 patients) in order to assess the safety of lithium therapy during the Ramadan month. 
They carried out this study from September to November 2006. Apart from weight gain, no 
statistically significant difference was found in the adverse side effects of Lithium in pre- 
Ramadan as compared to mid-Ramadan period. 
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Ahmed and collaborators [14] used an animal model in order to investigate the impact of 
fasting on blood lithium concentration. The authors did not find any statistically significant 
differences and concluded that lithium can be safely used by fasting BD patients. 


Substance-Related and Addictive-Disorders 


Al-Adawi and Powell [15] investigated the effect of Ramadan fasting on Muslim smokers 
who were asked to give up smoking for the entire month or at least during daylight hours. 
They found that abstaining smokers experienced a certain degree of cognitive impairment as 
well as an impaired dopaminergic function, which ameliorated after tobacco consumption, 
thus suggesting a boosting effect of the nicotine. Withdrawal symptoms were less severe for 
those who managed to abstain from smoking for the entire period. 


This finding should be taken into account when exploiting Ramadan as a “teachable 
moment” and an opportunity to promote tobacco quitting for faith-based interventions |16- 
alj 


Al-Sinawi and co-workers [22] have described a very unusual case of koro-like symptoms 
in a 48-year-old man, married with six children, from Muscat (Oman). This clinical 
presentation was probably induced by alcohol withdrawal during the Ramadan fasting. 
Koro (literally “head of the turtle” in Malay, known also as “shrinking penis syndrome” 
or suk yeong in Cantonese or “genital retraction syndrome” or “genital theft syndrome”) 
is a culture-bound disorder in which a subject wrongly believes that his/her genitals 
are retracting and/or changing and that will disappear, despite the lack of any genital 
anomalies. It was initially described in Southern Sulawesi people of Indonesia, in Southern 
Chinese immigrants in Hong Kong and South East Asia, above all in males, rarely in females. 
Some patients refer genital paraesthesia, whilst others fear intra-abdominal organ change 
and/or shrinkage, sex change, becoming eunuch, urinary and genital obstruction, sterility 
and infertility, abrupt madness or death, djinn or hassad (spirit) possession and a feeling 
of being victim of sorcery (sihr in Arabic language). Symptoms are acute anxiety attacks 
which rarely persist for years in a chronic condition, indicating a putative co-morbidity 
with dysmorphophobic disorders. The patient of the case report had vegetative symptoms 
like sweating and tachycardia, severe hand tremors, anxiety, and fluctuating episodes of 
agitation, irritation, dysphoria and impaired sensations. A long story of alcohol abuse may 
be the cause of erectile dysfunction, whose anxiety was the content of the patient’s delusion. 
The authors refer that according to their clinical experience patients with alcohol-related 
disorders often present with severe withdrawal symptoms every Ramadan. 


Using a nested logit model which is a sophisticated logistic regression method, Celen [23] 
performed a study to assess predictors of alcohol consumption in Turkey. Despite being a 
Muslim country, alcohol is not illegal in Turkey, even though there are some restrictions 
and control policies. The author of the article utilized a balanced panel data set covering 50 
monthly observations regarding the brewery products from March 1998 to April 2002, using 
as variables the observance of fasting during the month of Ramadan, the temperature, the 
prices of the products and the disposable income as well as other demand factors. The 
Ramadan was associated with lower alcohol usage, whilst the disposable income predicted 
an increase in alcohol consumption. The temperature, instead, was not a statistically 
significant predictor. 


Feeding and Eating-disorders 


Despite the general knowledge that spirituality may have a role in Eating Disorders (EDs), 
there are few studies on this topic; especially there is a dearth in the field of psychiatric 
epidemiology [24]. Weight loss during Ramadan tends to be modest and weight gradually 
returns to pre-Ramadan status according to a meta-analysis [25,26], even though has a 
certain effect in males, according to another meta-analysis [27]. 
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Akgül and collaborators [28], considering that culture-based contributors play a major 
role in EDs, reviewed the previous clinical cases and reported that in the years 2012-2013 
8 out of 23 subjects were diagnosed of EDs during or shortly after Ramadan. In particular, 
they have studied in-depth 6 of the 23 adolescent patients (age in the range 14-17 years, 5 
females, 1 male). The authors concluded that a drastic change in one’s diet, food intake and 
nutritional patterns such as that which occurs during Ramadan plays an important role in 
triggering EDs in adolescents with a predisposition or may exacerbate an eating pathology. 


Bhadrinath [29] reported that during Ramadan two of the three patients’ symptoms 
worsened during the fasting, one patient began vomiting after the big meals. 


Erol and coworkers [30], considering that Ramadan fasting can be considered as a kind 
of dietary restriction and given that eating restriction is a risk factor for later development of 
EDs, investigated a sample of 79 healthy volunteers from a 10" grade high school (63 female 
and 16 males). No statistically significant differences were found between the scores of EAT 
(Eating Attitude Test) and BITE (Bulimic Investigatory Test, Edinburgh). 


Savas and collaborators [31] conducted a study to evaluate whether Ramadan fasting 
influences the eating behaviors of 34 obese women, using EAT and BITE questionnaires. 
No statistically significant differences were found and the authors concluded that the 
Ramadan fasting restrictions do not seem to have an impact on the eating behaviors of 
obese women. 


Suicides and Parasuicides 


Evidence on suicides (completed or attempted), self-injury behaviors and para-suicides 
in the Muslim countries is poor, since few studies, in most cased descriptive, have been 
performed [32]. 


Demirci and collaborators [33] carried out a retrospective and systematic study of 4,881 
death examinations and autopsies from 2000 to 2009. In that period, a total of 491 deaths 
(10.1%) occurred in Ramadan, and suicide was the cause in 27 (5.5%). During Ramadan, 
suicides tend to decrease, as well as parasuicides, as found by a study carried out by 
Daradkeh [34], in Jordan, from 1986 to 1991, consulting the Police Registers. Significantly 
fewer parasuicides but not suicides were reported during Ramadan than the month 
preceding it and the month that follows Ramadan. The Holy Month has a protective effect, 
which however does not persist into the following months. 


Sexuality 


Sexuality is a particularly challenging topic in Islam, living between repression and 
modern openness [35]. Kadri and collaborators [36] carried out a study aiming at exploring 
sexual behaviors in terms of frequency and perceived quality, and prevalence of dysfunction 
during Ramadan compared to other periods of the year. The sample included 100 people. 
The frequency of sexual intercourses decreased during Ramadan, as well as their reported 
quality. Erectile dysfunction was noted during Ramadan, while sexual aversion and 
dyspareunia were less noted. 


Conclusion 


So far no standardized protocols and guidelines exist that can assist clinicians in properly 
advising their psychiatric patients whether to fast or not during the Ramadan month. To our 
knowledge, this is the first systematic review conducted on this topic. From the collected 
evidences, we can conclude that: 


a. There is no consensus whether BD patients can safely fast during the Ramadan 
month; however, a tailored advice should be given to a patient, especially when he/ 
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she is clinically stable and with steady blood lithium level. Since the side-effects and 
toxicity of lithium may increase because of dehydration, fasting during the hottest 
months of the year should not be recommended, at least for the sake of precaution; 


b. Withdrawal symptoms due to quitting smoking are not heavy and Ramadan could be 
exploited as a “teachable moment” for faith-based interventions; 


c. Literature on the treatment of subjects suffering from substance-use is sparse, 
however the case-report of the Koro-like syndrome seems to be anecdotal, even though 
the authors report that according to their clinical experience lot of patients with 
heavy drinking come to psychiatric ward with this presentation during Ramadan; 


d. There is no consensus whether patients suffering from EDs can safely fast during 
the Ramadan month; according to some authors, fasting could trigger or worsen 
symptoms, whilst for other scholars Ramadan seems not to exert any influence; 


e. Suicides and parasuicides tend to decrease during the Holy month; 
f. Ramadan fasting seems to exert a certain impact on sexuality and mental health. 


Due to its importance, there is an urgent need of scholarly, high quality studies and 


researches that address the topics of our systematic review. 
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Abstract 


The present chapter aims to describe and explain the health-related, psychological, 
and social outcomes related to Ramadan fasting. Ramadan fasting appears globally related 
to positive psychosocial outcomes, which could be explained by the fact that Ramadan 
prescribes the health-promoting behaviors, confers social support, conforms people with 
Islamic doctrine, and promotes effective coping with stress. However, Ramadan can be 
also related to negative psychosocial outcomes, suggesting the existence of other factors 
impacting the fasting-related psychological outcomes. Indeed, while the personal forms of 
motivation in Islam and a positive God conception (i.e., adaptive religious involvement) seem 
related to adaptive psychosocial outcomes, the social form of motivation and a negative 
God conception (i.e., maladaptive religious involvement) seem related to maladaptive 
psychosocial outcomes. In addition, displaying more adaptive (and less maladaptive) 
religious involvement, women reveal more adaptive (and less maladaptive) psychosocial 
outcomes than men during Ramadan. In this perspective, the adaptive (or maladaptive) 
religious involvement, emerging from internalization processes of religious education, would 
facilitate self-regulation of affects and behaviors. Moreover, the benefits associated with 
Ramadan fasting could be explained by increasing self-control during the holy month of 
Ramadan, which in turn would increase self-regulation. 


Key words: Internalization; Islam; Ramadan; Self-control; Self-regulation 


Introduction 


Ramadan represents one of the widest celebrated religious traditions in the world. As one 
of the “five pillars” of Islam, Ramadan corresponds to the ninth month of the Islamic lunar 
calendar during which Muslims fast. Literally, Ramadan fasting (sawm in Arabic) means 
self-refraining: It involves not only abstinence from eating, drinking, sexual intercourse 
during the daylight hours, but also a high control level of one’s thoughts, attitudes, and 
behaviors. Concretely, Muslims have to develop a closer relationship with Allah, strengthen 
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ties with siblings, parents, friends, and restrain from touching, listening, saying, or looking 
at unlawful things, or going to evil places. From a spiritual standpoint, Ramadan can 
be considered as a time of self-reflection, because Muslims evaluate themselves in light 
of Islamic guidance, and a self-reformation time during which Muslims develop patience, 
humility, compassion, empathy, and generosity [1]. 


ce 


Religion, defined as “...cognition, affect, and behavior that arise from awareness of, or 
perceived interaction with, supernatural entities that are presumed to play an important role 
in human affairs” [2], is a psychosocial force capable of modifying human lives trajectories. 
Adherence in Islam—like in other religions such as Christianity, Judaism, or Buddhism 
[2]- is globally found to be positively (or negatively) related to positive (or negative) outcomes 
in terms of health [3,4], subjective well-being [3,5,6], and prosocial behaviors [7]. A few 
studies, however, stressed that religion can entail deleterious effects on mental and physical 
health in certain cases, especially when adherence to it is far from one’s personal and deep 
aspirations [8-11]. Since Quran mentioned that Ramadan fasting can promote individuals’ 
physical and mental well-being, several recent studies have attempted to examine this issue 
[12-14]. However, their findings displayed that Ramadan fasting may induce either positive 
or negative psychological effects according to the existence of specific factors (e.g., religious 
orientation, religious coping). 


The aim of the present chapter is to describe and explain the relationships of Ramadan 
fasting with health, cognitions, affects, and behaviors. After describing such relationships, 
we will present the McCullough and Willoughby’s [2] self-regulatory control-process model 
of religious affects and behaviors, providing keys to understand the relationships between 
Ramadan fasting and its outcomes. 


Ramadan, Mental Health and Well-Being 


While certain studies examined the effects of Ramadan fasting on mental health [12], 
coping strategies [15-17], and decision making [18], others examined the relationships 
of Ramadan experiences with other variables such as level of religiosity’ [7], religious 
orientation [13,14], religious coping [19], and sex-related differences [13,19]. 


Psychological effects of Ramadan fasting 


Research examined the relationship of Ramadan and mental health. In their attempt 
to examine the effects of Ramadan fasting and praying on mental health subscales (i.e., 
physical symptoms, anxiety and insomnia, social dysfunction, and depression) on Iranian 
university students, Amirfakhraei and Alinaghizadeh [12] measured self-reported mental 
health scores before and after the month of Ramadan in participants who (a) fasted almost 
always, some day (for amusement), or did not fast at all (voluntarily and due to religious or 
medical reasons), and (b) always, often, sometimes, or never prayed. The findings displayed 
that participants who fasted the whole month of Ramadan, even for amusement, had higher 
scores on all the mental health subscales after Ramadan than those who did not fast at 
all. Additionally, those who often or always prayed reported better mental health scores. 
Hence, fasting and praying appeared as effective rituals for increasing students’ mental 
health. The authors explained such findings by the fact that religion may prescribe health- 
related behaviors, provide social support, promote positive feelings (i.e., optimism, perceived 
control), and create a meaningful purpose in life. 


Research also examined the relationship of Ramadan with the use of coping strategies 
[15-17]. A coping strategy can be defined as “...the person’s constantly changing cognitive 


1 Even if the terms religiosity and spirituality are sometimes used interchangeably, they represent two distinct (but not exclusive) 
concepts. Religiosity refers to an adherence to a religion, involving predefined behaviors, rituals, whereas spirituality refers to the 
subjective relationship with supernatural entity such as a divinity [21]. Spirituality is associated with an existential search of life 
meaning. Such differences are not trivial since they imply specific psychological consequences. For instance, religious people 
were found to be highly conscientious, agreeable, self-controlled, and lowly open-minded and extraverted. By contrast, spiritual 
people appeared to be highly open-minded, and lowly conscientious and self-controlled [2]. 
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and behavioral efforts to manage specific external and/or internal demands that are 
appraised as taxing or exceeding the person’s resources” [20]. Akuchekian et al., [15] 
evaluated medical students for stress coping strategies before and after the holy month 
of Ramadan. The results displayed that Ramadan fasting decreased the use of ineffective 
coping strategies such as superstition, wishful thinking (i.e., kind of denial and maladaptive 
strategy), and self-medication. However, effective coping strategies, such as problem-solving 
focus (i.e., strategy directed to the stimulus causing stress response; e.g., plan-full problem 
solving), emotion focused strategies (i.e., strategy consisting in controlling and removing 
undesirable affects related to stress; e.g., positive reinterpretation), and other strategies were 
maintained. Such beneficial effects of Ramadan fasting were explained by the adherence 
to Islam-related recommendations, inciting Muslims to enhance regulation and control of 
their personal (e.g., discipline, punctuality) and social life (e.g., correcting one’s interpersonal 
relationships). Considering Ramadan fasting as a coping strategy, the authors also suggested 
that Ramadan fasting may induce psychological adaptations with stress via the secretion of 
specific hormones (i.e., cortisol, beta-endorphin) rising during fasting. 


Focused on elite athletes (archers) engaged in Ramadan fasting during high stake 
international competitions (e.g., London Olympics 2012), Roy and her colleagues [16,17] 
observed, through their qualitative investigations, that Muslim athletes developed a diversity 
of adaptive coping strategies. Concretely, the athletes had to deal with the physiological 
and psychological constraints of Ramadan fasting (i.e., loss of energy), while they had to 
prepare for the performance. To do so, they were led to (a) reorganize their training (e.g., 
decrease of training load) and nutrition (e.g., greater consumption of fluid during non- 
daylight hours), implement rest time, and control arousal in maintaining calmness, and 
(b) use psychological skills (e.g., increasing concentration on task) and spirituality. Their 
spirituality, characterized by their love for God and closeness with Him, served as a means 
of enhancing their mental strength. 


Research did examine the relationship of Ramadan with decision making. Considering the 
existence of a direct link between the social mood and financial investments, some authors 
[18,22] attempted to know how Ramadan may influence investor decisions. All suggested 
the existence of a positive effect of Ramadan on feelings of optimism and happiness of 
Muslim investors, reflected by the increase of their investments during Ramadan. Moreover, 
using a specific finance index (i.e., stock market volatility), Al-Hajieh et al., [18] found that 
the beginning and the end of Ramadan were characterized by a greater synchronization of 
opinions, decisions, and mood of Muslim investors. This suggests that the ties within the 
Muslim community are the strongest at the start and the end of Ramadan fasting. More 
generally, such finding is compatible with the view that Muslim people strengthen their ties 
during Ramadan. 


In this respect, the findings reveal that Ramadan fasting promotes positive psychological 
patterns including less anxiety, less depression, greater optimism and social identity, and 
better coping strategies. However, findings of other studies run counter to this view by 
providing evidence that Ramadan fasting can be associated with negative psychological 
patterns [23]. Kadri et al., [23] examined the dynamics of objective irritability (i.e., measured 
through semi-structured interview), subjective irritability (i.e., self-reported measures), 
self-reported anxiety, consumption of psycho-stimulants (coffee and tea), and duration of 
sleep during six weeks—from one week before the month of Ramadan (WO) to one week 
after this month (W5)—in smokers and non-smokers in Morocco. The data were collected 
one time a week. Different kinds of noteworthy patterns were found. Subjective irritability, 
objective irritability, and anxiety were globally lower in non-smokers than in smokers during 
Ramadan fasting, suggesting that smoking outside Ramadan could develop negative affects 
during Ramadan. 


Regarding the dynamics of subjective irritability, objective irritability, and anxiety during 
Ramadan, differences were found between non-smokers and smokers. In non-smokers, the 
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variables under study evolved in a stationary way over time, followed by either an increase 
(for subjective irritability, between W3 and W4) or not (for objective irritability and anxiety). 
In smokers, all variables increased over time (between WO and W4). Moreover, a decrease 
was observed for subjective irritability (in non-smokers and smokers alike), objective 
irritability (in smokers only), and anxiety (in smokers only) after Ramadan (between W4 
and W5). These findings indicate a greater non-stationarity and variability on the variables 
under study in smokers than in non-smokers, suggesting that smokers are more inclined 
to feel irritation and anxiety than non-smokers during Ramadan fasting, and that smokers 
are psychologically more vulnerable to Ramadan. 


Along with the dynamics of affects under study, Kadri et al., [23] observed that the 
consumption of psycho-stimulants also increased over time in both groups, especially in 
smokers. A decrease of sleep duration was also recorded in both groups. Hence, Kadri et 
al., [23] attributed the negative effects during the month of Ramadan to the consumption of 
tobacco and caffeine. However, this explanation in itself is not sufficient since the authors 
also observed that, for each affective variable under study, non-smokers had a lower mean 
score than smokers in WO. The higher levels of negative effects in smokers during the rest 
of the year suggest the existence of other factors than Ramadan fasting, which is known 
to entail positive effects on psychological aspects [18,22]. Indeed, smoking was found to be 
positively related to disinterest in religion, a low-level of adaptive religious orientation, lower 
levels of positive experience of Ramadan, reduction in behaviors of Ramadan, and higher 
level of negative experience of Ramadan [14]. However, Kadri et al., [23] did not control such 
critical factors of religiosity in their study. 


Critical Factors of religiosity implied in the Ramadan experience 


Ramadan could entail either positive or negative effects on mental health and well-being 
depending on the existence of specific critical factors such as the level of religiosity, religious 
orientation, style of coping strategies, and sex differences. 


Religiosity level and the Ramadan experience 


The level of religiosity can influence the Ramadan experience. Akay et al., [7] recently 
examined the effect of religious festivals and religiosity levels on positional concerns (i.e., 
level of income and consumption compared to those of other people) of Turkish participants. 
The authors compared the most important day of Ramadan, the Night of Power (Leylat al- 
Qadr in Arabic), and a day outside Ramadan: They found that the positional concerns were 
lower during the Night of Power, suggesting that Ramadan could incite Muslim people to 
erase any social differences and be placed on an equal footing with other people. In addition, 
the level of positional concerns participants with a low level of religiosity was negatively 
affected by Ramadan, whereas it remained unaffected by Ramadan for participants with 
a highly level of religiosity. This suggests that only high religious people would follow the 
Islamic doctrine during the entire year, because it would be converted into personal values 
and goals. 


Interestingly, the positional concerns are related to a specific emotion: Envy (al-ghubta 
in Arabic), which can be defined as an experience that “...arises when a person lacks 
another’s superior quality, achievement, or possession and either desires it or wishes 
that the other lacked it” [24]. Envy is explicitly considered as a hostile emotion? in most 
of the major religions, because of its links with immoral thoughts, intentions, affects, or 
behaviors [25,28]. For instance, Prophet Muhammad stated: “...Keep yourselves far from 
envy, because it eats up and takes away good actions, like the fire that eats up and burns 
2 Although the envy issue per se is beyond the scope of the present chapter, it is important to note that envy is not the hostile kind 
(malicious envy), which would motivate people to down others’ standing in order to level the difference with their superiority [26-29]. 
Indeed, according Van de Ven and his colleagues [26-29], there would be a more positive form of envy (benign envy) encouraging 
people to pull up their own standing. This type of envy would be related to positive outcomes [29]. Moreover, adhering to the 


conception that envy is only malicious could lead people to avoid achieving, performing, and reaching success in anticipating the 
possibility to be envied [25]. In this perspective, a whole society could stay far from any innovation. 
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wood” (in Abu Dawud). The two findings of Akay et al., [7] could be viewed in the light of this 
conception: While reducing positional concerns during Ramadan in lowly religious people 
could be considered as a means of staying far from any feeling of envy, reporting no change 
in the positional concerns of highly religious people would reflect their effort to live far from 
envy not only during Ramadan but also during the rest of the year. 


Religious orientation and the Ramadan experience 


Religious orientation represents the way religious people commit to the religion. Three 
kinds of religious orientation can be distinguished: Intrinsic personal orientation (i.e., using 
religion as one’s ultimate motivation), extrinsic personal orientation (i.e., using religion as 
a means to reach one’s personal well-being), and extrinsic social orientation (i.e., using 
religion as a means to social ends). Khan and his colleagues [13,14] recently examined 
the relationships between the religious orientations and the experiences and behaviors of 
Ramadan of Pakistani students. The Ramadan behaviors correspond to the actions that 
Muslims should engage in during the month of Ramadan (e.g., reciting the holy Quran). 
The experience of Ramadan was considered as either a religious development experience 
(i.e., positive experience of Ramadan) or a difficult experience (i.e., negative experience of 
Ramadan). 


The intrinsic personal orientation was found to be positively related to the positive 
experience of Ramadan ([13], r = .46; [14], r =.44), interest in religion ([14], r =.43), and 
Ramadan behaviors ({13], r = .25), and negatively related to the negative experience of 
Ramadan ([13], r = -.15). Similarly, the extrinsic personal orientation was found to be 
associated with the positive experience of Ramadan ([13], r = .45; [14], r =.25) and Ramadan 
behaviors ([13], r = .25). Concerning the extrinsic social orientation, it was shown to be 
positively related to the interest in religion ([14], r =.28) and the negative experience of 
Ramadan ([13], r = .43; [14], r =.40). Further analyses using the multiple regressions 
showed that the above-mentioned experiences of Ramadan predicted both the type of 
religious orientation and Ramadan behaviors [13]. More specifically, the positive experience 
of Ramadan predicted positively the intrinsic and extrinsic personal orientations as well as 
Ramadan behaviors, and negatively the extrinsic social orientation. The negative experience 
of Ramadan predicted positively the extrinsic social orientation and negatively the Ramadan 
behaviors. Moreover, the intrinsic and extrinsic personal orientations predicted positively, 
yet marginally (ps < .08), the Ramadan behaviors while the extrinsic social orientation 
predicted negatively such behaviors. 


In sum, the positive experience of Ramadan, intrinsic and extrinsic personal orientations, 
and Ramadan behaviors could be considered as an adaptive religious psychological pattern, 
while the negative experience of Ramadan and extrinsic social orientation could correspond 
to a maladaptive religious psychological pattern. This is compatible with the general view 
that the intrinsic religious orientation corresponds to an adaptive implication in religion 
[30,31], but not completely compatible with the view according to which extrinsic religious 
orientation is maladaptive [30,31]. Khan and his colleagues’ [13,14] findings revealed that 
the maladaptive religious pattern concerned only the extrinsic social orientation, not the 
extrinsic personal orientation - even if such orientation was less positively related to positive 
experiences of Ramadan than the intrinsic personal orientation. 


According to Pargament et al., [31], religion could promote the construction of healthier 
traits of personality through an internalization process, which would have a positive impact 
on individuals’ capacity to regulate their affects. In this perspective, an intrinsic personal 
religious orientation would better help deal with negative and stressful events when 
performing religious rituals such as praying and fasting, which would result in a better 
mental health and well-being. However, the potential negative effects of the extrinsic social 
religious orientation could be explained by Festinger’s [32] theory of cognitive inconsistency. 
When an individual performs religious practices (e.g., praying, fasting) in front of others, or 
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while imagining being observed by others, she or he inherently faces external reinforcement 
(i.e., reward), resulting in attributing the religious rituals more to reward than to her or 
him own attitude. Then, when faced with stressful events, people with extrinsic social 
religious orientation could not use religious rituals as effective coping strategies. Moreover, 
the possibility that the extrinsic personal religious orientation generates low positive 
psychological effects could be due to the fact that such religious orientation combines both 
a personal interest in religion and an extrinsic form of religious motivation, which may lead 
people to use religious rituals as effective coping strategies. 


Coping strategies orientation and the Ramadan experience 


Another critical factor capable of influencing the experiences of Ramadan concerns the 
stress coping strategies. People are inherently exposed to stressful events and one of the 
effective ways to deal with stress could be religious coping [16,17]. 


Recently, Khan, Watson, Chen et al., [19] examined the relationships of Islamic religious 
coping with the experiences and behaviors of Ramadan in university students. Their findings 
displayed that positive Islamic coping (i.e., an adaptive religious coping; e.g., looking for a 
stronger connection with Allah when facing a problem in life) correlated positively with 
Ramadan behaviors (r= .46) and Ramadan experience (r= .44), and negatively with negative 
Ramadan experience (r = -.18). Positive Islamic coping appeared to predict Ramadan 
behaviors. In addition, punishing Allah reappraisal (i.e., maladaptive religious coping; e.g., 
believing being punished by Allah for bad actions when facing a problem in life) did predict 
higher levels of negative experience of Ramadan. 


However, these findings do not match well the findings of earlier Pakistani investigations 
with Muslims, which display: (a) a clear relationship between negative religious coping and 
several indices of maladaptive adjustment [33-35], yet (b) an unclear relationship of positive 
religious coping with indices of adaptive adjustment [33,34], and (c) a positive relationship 
of positive religious coping with indices of maladaptive adjustment [35]. Such inconstancies 
could be explained by methodological differences. First, contrary to previous studies, 
Khan, Watson, Chen et al.’s [19] study was conducted during the month of Ramadan, 
which could have enhanced Muslims’ commitment in Islamic recommendations, increasing 
thus the benefits of positive religious coping. Second, the unexpected positive relationship 
between positive religious coping and indices of maladaptive adjustment reflected specific 
psychological mechanisms implying religious patients [35]. 


Overall, all of the findings are consistent with those of studies run with mainly Christians 
and Jews showing that positive religious coping was positively associated with happiness 
and satisfaction with life [36], and negatively associated with anxiety [36] and depression 
[10,36]. As for negative religious coping, it was found to be positively related to anxiety [36] 
and depression [10,36]. Similarly, Hebert, Zdaniuk, Schulz, and Scheier [37] observed that 
negative religious coping predicted worse overall mental health, depressive symptoms, and 
lower life satisfaction in women with breast cancer. 


In sum, given that the religious coping strategies refer to a conception of God, the 
affective and behavioral consequences associated with the type of religious coping strategies 
could be influenced by how people view God. In concrete, viewing God as a protector or a 
punisher could lead to positive or negative psychological outcomes, respectively [10,19]. The 
consistent links of the type of religious coping strategies with the experiences and behaviors 
of Ramadan support Pargament et al.’s [31] view according to which religion could foster 
health-related traits of personality, characterized by a high level of self-regulation. 


Sex differences and the Ramadan experience 


Some studies examined sex differences in psychological responses to Ramadan 
fasting [13,19]. All studies showed that women were more religious than men during 
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Ramadan fasting. More specifically, women revealed a greater tendency to use positive 
coping strategies [19], to behave in accordance with the Islamic recommendations, and 
to have more positive feelings during Ramadan [13]. In addition, they reported lower 
negative experiences of Ramadan and levels of extrinsic social orientation [13]. These 
findings are compatible with findings of other studies conducted outside the month 
of Ramadan displaying that women are not only more committed to Islam than men? 
(35,38, 39], but also more open-minded, altruistic, close to God [39], and satisfied with 
their lives* [5]. Consequently, referring to Pargament et al.’s [31] assumption, Muslim 
women could have developed better self-regulatory skills in internalizing better their 
religious education. 


Finally, the positive relationship of Ramadan with health, well-being, and social 
behaviors could be a priori explained by the fact that Ramadan prescribes (or proscribes) 
health-promoting (or health-comprising) behaviors, confers social support, conforms people 
with Islamic doctrine, and promotes effective coping with stress [12,15]. However, such 
assumptions could explain only a part of the psychological effects of Ramadan because 
those holy months was also found to be related to negative psychological outcomes, 
suggesting the existence of other factors. Indeed, research revealed that the way people 
experience Ramadan and typically behave during this month depended primarily upon 
their type of religious motivation and conception of God [14,19]. Indeed, the personal (or 
social) form of religious motivation was related to adaptive (or maladaptive) psychological 
implications, and viewing God as a protector (or a punisher) was related to better (or worse) 
adjustment with stressful events. In other words, the religious motivation and conception 
of God - which could be considered as features of the religious involvement emerging from 
the internalization process of religious education - may help or hinder self-regulation [31]. 
McCullough and Willoughby [2] recently argued that the links between religion and its 
positive outcomes could be partly explained by religion’s abilities to foster self-regulation 
and control of the self. 


Self-Regulatory control-process of religious affects and behaviors 


Based on Carver and Scheier’s [41,42] control-process model of self-regulation, 
McCullough and Willoughby [2] proposed a model intended to explain the associations 
between religion and its outcomes. McCullough and Willoughby [2] posit that religion is 
associated with high self-regulation and self-control. 


Self-regulation represents purposive processes involving self-corrective adjustments as 
needed, so that behavior stays on track for the purpose to which it is directed; such corrective 
adjustments would originate within the person [41,42]. Human behavior is considered as a 
continuing process of moving toward or away from goal values, and this process embodies 
the characteristics of feedback control. 


A feedback loop includes four sub-functions: An input, a reference value, a comparison, 
and an output (Figure 1). The input function corresponds to the perception of the current 
circumstances and situation in which the individual is implied, while the reference value is 
the goal set by the individual. The comparison function aims to confront the input function 
with the reference value, following which a discrepancy can be detected. The output function 
corresponds to the behavioral response to this potential discrepancy in terms of corrective 
adjustments. 


3 It is, however, interesting to note that other studies conducted on Islam in Western countries found that men were more religious 
than women [35]. This would reflect the tendency of men to maintain a Muslim identity in a non-Islamic society. 


4 The literature is not consistent regarding the fact that Muslim women are related to more positive psychological outcomes than 
Muslim men. Abdel-Khalek [38] found that Muslim girls reported lower scores of happiness, mental and health, and higher scores 
of anxiety and depression than boys. Given that the findings involved adolescents only, Abdel-Khalek [38] explained the observed 
differences in referring to Fakhr El-lslam’ [40] argument according to which a son in Arab countries has more freedom, authority, 
and responsibilities than a daughter. 
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Figure 1: Schematic depiction of a feedback loop (the basic unit of cybernetic control), adapted from Carver and Scheier [41,42]. 


Self-regulation processes involve two kinds of feedback loop: A discrepancy reducing 
loop (or a negative feedback loop) and a discrepancy enlarging loop (or a positive feedback 
loop). A negative feedback loop is activated when a desired goal is pursued (e.g., doing 
good deeds). In this case, the individual is pursuing an approach goal [43] and the output 
function aims to reduce or eliminate the discrepancy that separates from this goal. By 
contrast, a positive feedback loop is activated when a non-desired goal or an “anti-goal” is 
pursued (e.g., avoiding being envious). In this case, the individual is pursuing an avoidance 
goal [43] and the output function aims to enlarge the discrepancy that separates from this 
anti-goal. For instance, attempting to follow more strictly the Islamic doctrine during the 
holy month of Ramadan, Muslim people could change their attitudes and behaviors [7]. 
More concretely, they could become more helpful with others (activating a negative feedback 
loop), as well as avoiding any ascending comparisons with similar others to stay far from 
any envy emotion (activating a positive feedback loop). This example illustrates how both 
feedback loops can be used concomitantly and complementarily. 


The effectiveness of self-regulation processes would depend on specific abilities: 
The capacity of pursuing clear goals, monitoring discrepancies between one’s goals and 
one’s behaviors, and changing one’s behaviors. First, religion would select some goals and 
increase the importance of those goals for the self. Through internalization processes of 
religious teachings, people would develop goal systems hierarchically organized, from the 
most abstract goals to the most concrete goals. The most abstract goals are called “concept 
systems”, which refer to one’s ideal self (e.g. being a “good Muslim”). A concept system gives 
rise to behavioral aspirations called “principles”. A strong adherence to Islam (but also to 
Christianity and Judaism) was found to lead people both to embrace principles such as 
being respectful, helpful, responsible, polite, self-disciplined, and honoring elders, and to 
eschew other principles such as pursuing pleasure, having an exciting and varied life, being 
free, creative, and independent [44]. Principles suggest behavioral goals called “programs” 
(e.g. “distract oneself from hostile thoughts”), which lead to actions executed automatically 
called “sequences” (e.g. reading Quran). 


Second, religion would promote monitoring, which involves comparator’ sensitivity to any 
discrepancy with the goal (Figure 1). Religion would increase such sensitivity in increasing 
self-monitoring, perceived monitoring by God, and perceived monitoring by other people. 
Additionally, self-monitoring would be increased by the perception of being monitored by the 
evaluative audiences (i.e., God, others). The monitoring mechanisms are the components 
of self-control (i.e., quality of overriding or restraining prepotent impulses), which is a 
subset of the broader phenomenon of self-regulation. Recently, Carter, McCullough, and 
Carver [45] examined to which extent the relationship between religiosity and self-control 
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was mediated by monitoring mechanisms. Results displayed that (a) religiosity predicted 
self-monitoring, monitoring by God, and monitoring by others, (b) monitoring by God and 
monitoring by others predicted self-monitoring, and (c) self-monitoring predicted self- 
control, while monitoring by others negatively predicted self-control. All findings supported 
authors’ expectations, except the last finding displaying a negative relationship between 
monitoring by others and self-control. The authors explained this unexpected finding could 
reflect a reactance effect (i.e., reject) regarding the fact to be monitored by others, given that 
no such effect was related to the perception of being monitored by God. 


Third, religion would promote motivation to change behaviors. Perceiving discrepancies 
between one’s standing and one’s goals could lead to increase one’s religious goal-directed 
effort [46]. This is compatible with Brehm’s [47] reactance theory according to which a loss 
of control produces an attempt to regain it, as long as control is not viewed as impossible 
to regain. Moreover, people have many psychological and behavioral tools to change 
their standing in pursuing their goals: Praying, meditating, imagining, reading could be 
all potential tools provided by religion. Even if self-regulation refers to both negative and 
positive events, evidence that religion promotes motivation to self-change by fostering self- 
regulation could be provided by studies conducted on religious coping strategies [12,15- 
17,19,31,33]. These studies found the existence of kinds of strategies to cope with stressful 
events such as engaging in religious activity (e.g., praying, meditating), using a positive (e.g., 
attempting to resolve one’s problem in partnership with God) or a negative religious coping 
strategy (e.g., attributing one’s problem to God’s punishment). 


Finally, McCullough and Willoughby [2] proposed the view that the physical, psychological, 
and social benefits associated with religion could be partly explained by self-control, which 
could improve in turn self-regulation. In line with this perspective, we think that Ramadan 
could generate positive psychological outcomes by increasing self-regulation. More 
specifically, the increase of spiritual and social interactions with Allah and other Muslims 
during Ramadan, respectively, could foster the selection of specific principles (e.g., being 
respectful, helpful) as well as the increase of sensitivity of monitoring mechanisms, what 
would increase in turn self-control, and thus self-regulation. Additionally, the motivation 
to change one’s behaviors could be provided by one’s spiritual closeness with Allah. 
However, such efficient self-regulatory mechanisms would need to be based on a positive 
internalization of religious teachings. Thus, the personal religious orientation, positive 
religious coping, or positive God conception could be considered as the emerging pattern of 
personality reflecting a positive integration of one’s religious education. This is supported 
by studies which show that intrinsic motivation regarding Islam were positively associated 
with self-control [48]. Conversely, the social religious orientation, negative religious coping, 
or negative God conception would reflect a failure in the integration of religious education. 


Conclusion 


This chapter has attempted to describe and explain the health-related, psychological, 
and social outcomes related to Ramadan fasting. This chapter is composed of two parts. 
The first displays that Ramadan fasting is globally related to positive psychological and 
social outcomes, which may be explained by the fact that the holy month would prescribe 
health-promoting behaviors, confer social support, conform people with Islamic doctrine, 
and promote effective coping with stress [12,15]. However, Ramadan is also related to 
negative psychological outcomes [23], suggesting the existence of other factors implied in 
the relationship of Ramadan fasting with psychological outcomes [13,14,19]. Indeed, the 
personal forms of motivation in Islam and positive God conception are related to adaptive 
psychological implications, whereas the social form of motivation and negative God 
conception are associated with maladaptive psychological implications. The second part 
of this chapter, based on McCullough and Willoughby’s [2] assumptions, shows that the 
benefits associated with Ramadan fasting may be explained by self-regulation, which was 
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improved by increasing self-control. The closeness to Allah and social interactions with 
others, which are enhanced during Ramadan, are considered as key factors potentially 
responsible for an increase in self-control. The efficiency of such self-regulatory mechanisms 
would also be based on adaptive religious involvement, emerging from one’s internalization 
of religious education. 


The knowledge of psychological self-regulatory processes implied during Ramadan is 
far from complete. Although Ramadan represents one of the most celebrated religious 
traditions in the world, only very few studies have been interested in Ramadan in the field of 
social or cognitive psychology. This chapter has revealed the predominance of quantitative 
investigations over qualitative investigations, predominance which may have limited our 
understanding of the complexity of self-regulatory processes in Ramadan. Further research 
should borrow qualitative methods in order to examine complexity of such processes. 
Moreover, although the quantitative studies attempted to examine the relationships of 
Ramadan fasting with psychological outcomes, only Kadri et al.’s [23] study pursued such a 
goal in borrowing a dynamic approach. Because self-regulation of affects and behaviors is so 
complex [2], and because any causal mechanism in isolation is inadequate to characterize 
the resultant phenomenon in all its complexity [49], future research should invest the 
dynamical approach to examine religious psychology issues [45]. 


The dynamic systems approach is not new in social psychology since some pioneers 
displayed how the laws of this approach can be applied to this field [49-51]. The goal of 
this approach is to describe and explain the change, thereby enabling better understanding 
of complexity of phenomenon under study. Recent studies conducted in the field of sport 
social psychology demonstrated the interest in pursuing such an approach [52,53]. Further 
research should also focus on the influence of Ramadan on the fluctuations of affective, 
cognitive, and motivational variables in an achievement context such as sport, which has 
sometimes been considered as a kind of natural laboratory because it implies short contest 
units that lend themselves well to rigorous investigations [54]. 
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Abstract 


Ramadan fasting represents the fourth of the five pillars of the Islam creed (‘agidah). 
Even though patients are exempted from observing this religious duty, they may be eager 
to share this particular moment of the year with their family and peers, by attending the 
special prayers, social gatherings and other ceremonies. However, there are no guidelines 
or standardized protocols that can help physicians to properly address the issues and 
concerns of patients willing to fast in Ramadan and correctly advising them. Despite the 
extensive body of studies conducted on Ramadan fasting, so far only clinical parameters 
and analytical chemistry have been used and assessed. There is a dearth of systems biology- 
and omics-based studies, which investigate biological events from a global perspective, not 
focusing on single candidate clinical biomarkers but taking into account the entire overall 
perturbations, by means of high-throughput technologies. Systems biology and omics 
sciences could assess the metabolic effects of Ramadan fasting, confirming well-known and 
expected metabolic perturbations, and adding knowledge on both the short-term and long- 
term effects of Ramadan fasting. Systems biology and omics sciences could undoubtedly 
constitute a fundamental step further and a crucial advancement in the field of the 
relationship between religion and health. It can be anticipated that these highly advanced 
specialties provide a unique, unprecedented opportunity for studying the physiology and 
physiopathology of fasting, giving personalized counseling and advice to patients willing to 
fast during Ramadan. 


Keywords: Biological Pathway and Network; High-Throughput Technologies; 
Metabolomics; Nutrigenomics; Omics Sciences; Personalized Medicine (P6 Model); Ramadan 
Fasting; Systems Biology 
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Introduction 


The Holy month of Ramadan, the ninth month of the Muslim lunar calendar (Hyra), is 
particularly blessed and of great value and significance among Muslims, representing the 
month of the descent of the Qur’an. Ramadan is not only abstinence from food and drinking, 
but also from smoking, medication and sexual intercourses (Surat 2 “Al-Bagarah’, ayyat 
183 and following verses). 


Ramadan fasting is not, however, a prolonged or continuous fasting, but consists of 
alternate fasting and feasting (re-feeding) periods [1]. The fast is broken, taking two 
traditional meals, pre-dawn meal which is termed as suhoor, whilst after-sunset meal is 
called iftar. Ramadan duration is variable; mean fasting duration is usually 12-14 hours, 
but depending on the place and the year it can last also up to 18 hours [1] or even 22 hours, 
in the extreme latitudes regions [1]. 


Patients are exempted from this religious duty (Surat 2 “Al-Bagarah”, ayyat 185-186). 
However, they could be willing to fast and share the spirituality of this month with their 
family and peers, by attending the prayers, social gatherings and other special ceremonies [3]. 


The effects of Ramadan fasting on human physiology and physiopathology is not a mere 
academic and speculative topic or of limit interest for only the Arabic countries. It has instead 
clinically relevant and pragmatic implications: in a globalized society, the physicians have 
to face with issues like the management of diabetes and Chronic Kidney Diseases (CKDs) in 
Muslim patients that want to fast during Ramadan [4]. However, information is sparse and 
no guidelines or standardized protocols exist [4,5]. 


For these reasons, systems biology and omics sciences could represent a fundamental 
step further and an advancement in the field of research on Ramadan fasting, exploiting 
high-throughput technologies [6], and organically linking metabolomics with Genome-Wide- 
Association studies GWAS (mGWAS) [7-10], as Matthews and collaborators do [6]. 


Omics Sciences and Systems Biology 


mGWAS indeed offers unique and unprecedented opportunities: GWAS are a tool of 
genetic epidemiology and enable scholars to analyze and understand the etiopathology of 
a disease and/or the genetic make-up of a phenotype. GWAS have proven to be highly 
reproducible identifying reliable and robust genetic associations with hundreds of human 
diseases and traits. Despite the success of many GWAS, little progress has been made 
in uncovering the underlying mechanisms for many diseases, since it appears that the 
computed Odd-Ratios (ORs) for each SNP are very small and do not explain the heritability 
and heterogeneity of disease. For this reason, GWAS should be complemented with systems 
biology approaches. For example, in order to overcome these drawbacks, the combination 
of GWAS with techniques and tools from the field of Molecular Pathological Epidemiology 
(MPE) has been recently proposed to improve the predictive power and clinical usefulness 
of GWAS, as well as to simultaneously study the biological make-up of the subjects, their 
interactions with the environment and the processes leading to the disease [11,12]. 


The use of metabolomics, which specifically focuses on the systematic study of 
biochemical processes involving metabolites and other byproducts in a biological cell, tissue, 
organ or organism, for molecularly characterizing phenotypes or diseases, has enabled 
the discovery of previously undetected or unsuspected associations between diseases and 
signaling and metabolic pathways. Most success has been seen in metabolic diseases such 
as hypertension, diabetes, obesity, dyslipidemia and other endocrinological disorders. 


Despite the body of articles on Ramadan fasting, the previous studies have usually 
used routine clinical chemistry and biochemistry, investigating the effects of few clinical 
biomarkers. 
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Only two studies use a broader approach in studying the chemokine network [13] and 
second-generation biomarkers, such as apelin-13 [14]. In the former study, biochemical and 
hematological parameters were assessed using routine clinical chemistry, while ELISA was 
exploited for detection of CXCL1, CXCL10 and CXCL12 chemokines. This systems biology 
approach showed decreased levels of pro-inflammatory CXC chemokines and unaltered 
levels of homoeostatic ones. The authors concluded that fasting is important in inflammation 
controlling by finely tuning the chemokines network and pathway. In the latter study, 42 
healthy subjects were assessed for serum apelin-13 concentration besides routine analytical 
chemistry. The authors found that apelin-13 was not affected by the fasting. 


Ramadan as a Complex Metabolic Model 


However, Ramadan fasting is a very complex model of fast, since it is not a prolonged 
or continuous fasting, but consists of alternate fasting and feasting (re-feeding) periods 
[15]. Ramadan is a concrete example of Intermittent Fasting (IF)/Alternate-Day Fasting 
(ADF) [16-18] or Alternate-Day Calorie Restriction (ADCR) [19], which means cycles of food 
intake and cycles of calorie restriction. Among the different models of IF/ADCR Ramadan is 
particular for the long mean of abstinence from food (usually longer than 12 hours). 


Caloric Restriction or Calorie Restriction (CR) is a form of Dietary Restriction (DR) (CR/ 
DR), which is sometimes referred to as Dietary Energy Restriction (DER). Intermittent fasting 
may have beneficial effects on the health and longevity of animals — including humans — 
that are similar to the effects of Caloric Restriction (CR). Some studies suggest that benefits 
could be the result of an overall reduction in caloric intake. 


Studies suggest possible benefits: fasting may function as a form of nutritional hormesis 
[20], having an impact on longevity and ageing, fat metabolism and oxidation [21-23], even 
though there is not a universal consensus among the scholars. 


For all these reasons, Ramadan fasting represents a “unique metabolic model’, implying 
a radical change in lifestyle habits and behaviors, a different eating pattern, as well as 
a different type of diet consumed respect to the routine diet [15]. Physiological, physio- 
pathological, cultural, and religious variables play interweaving roles. 


Since, as we stated above, data concerning physiological and physiopathological 
parameters are sometimes conflicting in the extant literature, omics sciences could represent 
an opportunity to confirm, validate or confute these findings, by capturing a global snapshot 
of the phenomenon. 


Omics sciences include specialized specialties and branches such as nutrigenomics [24], 
which encompasses the study of interactions between genes and nutrients both in healthy 
and in ill subjects. This kind of investigations could pave the way for personalized medicine, 
that is to say it may provide a tailored and individualized nutritional advice and counseling, 
instead of a “one-size-fits-all” [25-27]. This model is known as P6 medicine, where the six 
Ps stay for predictive, preventive, participatory (or patient-centered), personalized, psycho- 
cognitive and public. Diseases are not discrete entities but are highly interconnected and 
interwoven, therefore they should be ecologically thought. Omics sciences are a platform for 
studying phenotypes and traits from an ecological perspective [28]. 


Matthew and collaborators collected up to five blood samples for each volunteer. They 
managed to recruit eleven healthy male subjects. As well-known and expected, they found a 
post-prandial increase in glucose, insulin and lactate concentration. What the metabolomics- 
based approach added is the knowledge of the short-term increase in bile acid and amino 
acid levels and a decrease in long-chain acyl-carnitine and polyamine levels, and the long- 
term decrease in some phospholipids concentration. 


Matthew and co-workers maintain that, since many Muslim patients with diabetes adhere 
to Ramadan fasting, such a study may also provide information from diseased individuals 
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under otherwise inaccessible challenge conditions and also help to better understand how 
individuals with common metabolic diseases can be best managed under Ramadan fasting 
conditions. This is true not only for patients suffering from diabetes but also for those 
suffering from CKDs, as well as other kinds of disease. 


Conclusions 


Ramadan fasting is a complex, multifaceted model of fasting. Even though highly studied, 
no standardized guidelines and evidence-based protocols exist; moreover, data taken 
from the extant literature are sometimes contrasting and so far only clinical parameters 
and analytical chemistry have been assessed. Omics sciences would be extremely useful 
in capturing this complexity and potentially translate into clinical practice, by advising 
patients and giving them personalized and tailored recommendations. 


References 


1. Berbari AE, Daouk NA, Mallat SG, Jurjus AR (2012) Ramadan Fasting in Health and Disease. In: Berbari AE, 
Mancia G (Eds.). “Special Issues in Hypertension’. 


2. Günaydin GP, Dogan NO, Çevik Y, Korkmaz H, Savrun A, et al. (2013) Evaluation of patients with renal colic 
that present to an emergency department during the month of Ramadan.[Ramazan Ayinda Renal Kolikle Acil 
Servise Basvuran Hastalarin Degerlendirilmesi]. The Journal of Academic Emergency Medicine. 12: 24-26. 


3. Budak A (2005) Fasting in Islam and the month of Ramadan (Islam in practice). The Light Inc Editor. 


4. AlWakeel J, Mitwalli AH, Alsuwaida A, Al Ghonaim M, Usama S, et al. (2013) Recommendations for fasting in 
Ramadan for patients on peritoneal dialysis. Perit Dial Int 33: 86-91. 


5. Bragazzi NL (2014) Ramadan fasting and Chronic Kidney Disease (CKD): a systematic review. Journal of 
research in medical science. 


6. Mathew S, Krug S, Skurk T, Halama A, Stank A, et al. (2014) Metabolomics of Ramadan fasting: an opportunity 
for the controlled study of physiological responses to food intake. J Transl Med 12: 161. 


7. Adamski J, Suhre K (2013) Metabolomics platforms for genome wide association studies--linking the genome 
to the metabolome. Curr Opin Biotechnol 24: 39-47. 


8. Dharuri H, Demirkan A, van Klinken JB, Mook-Kanamori DO, Van Duijn CM, et al. (2014) Genetics of the 
human metabolome, what is next? Biochim Biophys Acta 1842: 1923-1931. 


9. Adamski J (2012) Genome-wide association studies with metabolomics. Genome Med 4: 34. 


10. Dumas ME (2012) Metabolome 2.0: quantitative genetics and network biology of metabolic phenotypes. Mol 
Biosyst 8: 2494-2502. 


11. Ogino S, Lochhead P, Chan AT, Nishihara R, Cho E, et al. (2013) Molecular pathological epidemiology of 
epigenetics: emerging integrative science to analyze environment, host, and disease. Mod Pathol 26: 465-484. 


12. Ogino S, Chan AT, Fuchs CS, Giovannucci E (2011) Molecular pathological epidemiology of colorectal 
neoplasia: an emerging transdisciplinary and interdisciplinary field. Gut 60: 397-411. 


13. Akrami Mohajeri F, Ahmadi Z, Hassanshahi G, Akrami Mohajeri E, Ravari A, et al. (2013) Dose Ramadan 
Fasting Affects Inflammatory Responses: Evidences for Modulatory Roles of This Unique Nutritional Status via 
Chemokine Network. Iran J Basic Med Sci. 16:1217-1222. 


14. Celik A, Saricicek E2, Saricicek V3, Sahin E4, Ozdemir G1, et al. (2014) Effect of Ramadan fasting on serum 
concentration of apelin-13 and new obesity indices in healthy adult men. Med Sci Monit 20: 337-342. 


15. El-Wakil HS, Desoky |, Lotfy N, Adam AG (2007) Fasting the month of Ramadan by Muslims: could it be 
injurious to their kidneys? Saudi J Kidney Dis Transpl 18: 349-354. 


16. Azevedo FR, Ikeoka D, Caramelli B (2013) Effects of intermittent fasting on metabolism in men. Rev Assoc 
Med Bras 59: 167-173. 


17. Shephard RJ (2012) The impact of Ramadan observance upon athletic performance. Nutrients 4: 491-505. 
18. Varady KA, Hellerstein MK (2007) Alternate-day fasting and chronic disease prevention: a review of human 
and animal trials. Am J Clin Nutr 86: 7-13. 


89 


19. 


20. 
21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Johnson JB, Laub DR, John S (2006) The effect on health of alternate day calorie restriction: eating less and 
more than needed on alternate days prolongs life. Med Hypotheses 67: 209-211. 


Hayes DP (2007) Nutritional hormesis. Eur J Clin Nutr 61: 147-159. 


Michalsen A, Li C (2013) Fasting therapy for treating and preventing disease - current state of evidence. 
Forsch Komplementmed 20: 444-453. 


Trepanowski JF, Bloomer RJ (2010) The impact of religious fasting on human health. Nutr J 9: 57. 


Trepanowski JF, Canale RE, Marshall KE, Kabir MM, Bloomer RJ (2011) Impact of caloric and dietary restriction 
regimens on markers of health and longevity in humans and animals: a summary of available findings. Nutr J 
10: 107. 


Bragazzi NL (2013) Situating Nutri-Ethics at the Junction of Nutrigenomics and Nutriproteomics in Postgenomics 
Medicine. Curr Pharmacogenomics Person Med 11: 162-166. 


Nicolini C, Bragazzi N, Pechkova E (2012) Nanoproteomics enabling personalized nanomedicine. Adv Drug 
Deliv Rev 64: 1522-1531. 


Bragazzi NL (2013) From PO to P6 medicine, a model of highly participatory, narrative, interactive, and 
“augmented” medicine: some considerations on Salvatore laconesi’s clinical story. Patient Prefer Adherence 
7: 353-359. 


Bragazzi NL (2013) Children, adolescents, and young adults participatory medicine: involving them in the 
health care process as a strategy for facing the infertility issue. Am J Bioeth 13: 43-44. 


Bragazzi NL (2013) Rethinking psychiatry with OMICS science in the age of personalized P5 medicine: ready 
for psychiatome? Philos Ethics Humanit Med 8: 4. 


90 


ISBN: 978-1-63278-030-0 
DOI: http://dx.doi.org/10.4172/978-1-63278-030-0-031-014 


Y 
OMICSERus 
Chapter 14 


Ramadan Fasting and Lipid Profile 


Hadi AR HadiKhafaji*! and Jassim M Al Suwaidi? 
"Toronto Western Hospital, Toronto University, Canada 
27Hamad Medical Corporation, Weill Cornell Medical College, Qatar 


*Corresponding author: Hadi AR HadiKhafaji, (FRCP Glasgow), Internal medicine 
Department, Toronto Western Hospital, Toronto University, Canada; E-mail: 
Hadi968@hotmail.com; hadiarhadi@yahoo.com 


Abbreviations: BUN: Blood Urea Nitrogen; CAD: Coronary Artery Disease; CKD: Chronic 
Kidney Disease; e-GFR: estimated Glomerular Filtration Rate; HDL: High Density Lipoprotein; 
HSP: Heat Shock Protein; LDL: Low Density Lipoprotein; NICU: Neonatal Intensive Care Unit; 
NIDDM: Non-Insulin Dependent Diabetes Mellitus; TC: Total Cholesterol; TG: TriGlyceride 


Introduction 


Since the influential effort of Mc Cay et al., ample interest has been shown in caloric 
restriction’s aptitude to perk up health and to spread lifespan. Caloric constraint has been 
shown to increase permanence, reduces the morbidity of a host of diseases, including 
autoimmune diseases, atherosclerosis, cardiomyopathies, cancer, diabetes, renal diseases, 
neurodegenerative diseases, and respiratory diseases [1-3]. Fasting is demarcated as a 
partial or total refraining from all foods, or a select abstention from prohibited foods. Fasting 
has been the subject of abundant scientific soundings. 


In Islam, the fasting period is one lunar month. During which Muslims fast and do not 
eat or drink anything from dawn to sunset. For the reason that lunar month is shorter than 
calendar one and lunar year is 10 days shorter than calendar year Ramadan can be in any 
of the four season of the year, it can be in winter or in summer. If it was corresponding to 
summer season, the fasting people should cease food and drinking in long days equated 
to winter season in which fasting intermission is short. During Ramadan, all healthy adult 
Muslims are forbidden from overwhelming any food or water from sunrise to sunset. Food 
and fluid intake become nocturnal during Ramadan, and the shared repetition is to eat one 
large meal after sunset and one lighter meal before dawn [4]. Ramadan is clearly the most 
commonly sought religious fast. 


The formerly believed that Ramadan fasting often led to a bridged energy intake and 
weight loss [5], but recent studies have brought about that caloric intake really increases 
in the face of the decreased meal occurrence [6]. In relation to macronutrient composition, 
meals are often calm of more fat and less carbohydrate during Ramadan than during the 
rest of the year [5-8]. The intermittent fasting of Ramadan could affect various aspects of 
body physiology and biochemistry important to athletic success. Performance of repeated 
anaerobic exercise is impaired, but aerobic power and muscular strength show little change 
during Ramadan. Ratings of fatigue are increased, and vigilance and reaction times are 
impaired, particularly during the afternoon. Athletes with diabetes mellitus should seek 
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a medical exemption from fasting, and prescribed drug schedules should be carefully 
maintained. There is no major increase of injury rates, but competitors may have difficulty 
in producing urine for doping controls [9]. Ramadan fasting had a small to moderate, 
negative impact on quality of performance during an acute high-intensity exercise session, 
particularly during the period of the daytime fast. Fatigability is higher in the afternoon 
during Ramadan; therefore, training and competition should be scheduled at the time of 
day when physical performance is less affected. The optimal time to conduct an acute high- 
intensity exercise session during the Ramadan fasting month is in the evening, after the 
breaking of the day’s fast. Athletes who maintain their total energy and macronutrient 
intake, training load, body composition, and sleep length and quality are unlikely to suffer 
any substantial decrements in performance during Ramadan [10-12]. Ramadan fasting has 
elicited mixed results in relation to cardiovascular wellbeing, particularly concerning lipid 
profiles. In this chapter we will incite the state of the art regarding the effect of Ramadan 
fating on lipid profile in relation to different health aspect which has been subjected to 
investigation. 


Ramadan Fasting and Lipid Profile in Healthy Population 


Inconsistent results concerning the effect of Ramadan fasting on serum lipid levels 
[5,13-18]. Physicians working in Muslim countries should be attentive that Ramadan 
may affect some laboratory findings. Fasting serum cholesterol, triglycerides, thyroxine, 
triiodothyronine, uric acid, gastrin, and insulin were measured in a group of 24 Muslims 
at the beginning and end of Ramadan. There was a significant increase in the levels of total 
serum cholesterol, thyroxine, and uric acid and a significant fall in body weight with no 
significant change in the levels of total serum triglycerides, triiodothyronine, gastrin, fasting 
insulin, or in the in gastrin or insulin escalation 30 minutes after food. These changes, 
although unlikely to affect normal healthy people, may be significant in some patients 
[13]. A cohort study on 81 healthy volunteers (41 male, mean age of 22.7 years) indicated 
that Ramadan fasting result in a decrease in glucose and weight. Although there was a 
significant discount in meal frequency, a significant increase in LDL and decrease in HDL 
was noted during Ramadan. No significant changes in total cholesterol and Triglycerides 
after Ramadan fasting with no association with sex, body weight changes, number of meals. 
There was negative correlation between primary triglycerides and cholesterol levels before 
Ramadan and its change during Ramadan such negative correlation was stronger in females 
than males. TG level showed significant increase in subjects with normal BMI, though it 
decreased in over weights. Such finding bounces the imprint that the effect of Ramadan 
fasting on serum lipid levels may be closely related to the nutritional diet or biochemical 
response to starvation [16]. Ramadan fasting may increases serum HSP70 and improves 
serum lipid profile [17] and increase in blood cholesterol levels with either increasing or 
decreasing level of energy intake in correlation to the quantitative and qualitative dietary 
intake and may be the physical activity [18,19]. 


Author Country/ study Population included Age Effect on lipid profile 
î Significant in the levels of TC. 
Enalandi 24 volunteers (20 M B 
Fedail et al., 1982 g males, 4 females) Spam ance | Thyroxin& uric acid significant, | in body 
13 i ight. 
Ms) prospective 21-40) weg 
— in TG, T3, gastrin, fasting insulin level. 
| TC (7.9%, p < 0.001) during Ramadan vs. 
pre-fasting period. 
: Morocco/ 
Aldouni et al., 1997 32 healthy adult male 25-50 yrs. | TG (30%, p < 0.001). 
[14] , volunteers 
prospective 


The | of both TG and TC maintained 1 month 
after Ramadan. 
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| In energy intake & nutrient materials during 


vay Ramadan (P<0.05). 
Afrasiabi et al., 1997 "°" 38 healthy men age group 27-62 Ramadan ( ) 


15 lunt 42 + 10 
[15] prospective S ( pede JTC, LDL-C, TG levels towards the end of 


Ramadan (P<0.01). 
| In glucose &weight. 


Iran 22.7 yrs (range: | In meal frequency significantly. 
nae Metal ete 81 healthy volunteers 18-29 yrs, SD 
cohort study 2.3) + In LDL significantly. 
| In HDL significantly. 
| TG in both gps during Ramadan. 
| TC during & after Ramadan in subject who 
Haghdoost AA, lran/ Mean (SD)19.25 engaged in physical activity& fasted (-12.24 
Poorranjbar M 2009 93 healthy students (3.5) 20.4 (3.2) and -8.4 mg/dL, respectively). 
[19] randomized trial yrs. 


The patterns of changes in the HDL, LDL & 

HDL/ LDL values comparable in both groups 
(p > 0.5). 

T HSP 70 & HDL significantly on day 3 & 25" 
day of Ramadan vs 1 day before Ramadan. 


Jare Aetal.. 2011 lran/ 32 male volunteers Mean age of 
[17] j 28.5 (range 23- | Mean serum TG, TC, LDL, LDL /HDL &TC/ 
prospective 37) years HDL ratios on the 25th day of Ramadan 
significantly vs. one day before & 3 day 
Ramadan. 
UAE/ 
Shehab A et al., 102 (68% male) multi- voan a96 $ S0 Significant improvements in HDL-C and LDL-C 
à : (38.7610.5 + 
2012 [18] ethnic volunteers; levels even after 4 weeks post Ramadan. 
prospective 6yrs) 
Turkey/ | LDL & fasting blood glucose levels after 
Kul S et al., 2013 1,476 healthy (923 — — — — — Ramadan fasting, both sex groups & in the 
[20] men, 553 women) entire group in contrast to levels prior to 


meta-analysis Ramadan 


t: Increase, |: Decrease, TC: Total Cholesterol, TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; 
HSP: Heat Shock Protein; —: No Change. -------- Information Not accessible 


Table 1: Ramadan fasting and lipid profile in healthy population. 


A meta-analysis of self-controlled cohort studies comparing body weights, lipids levels and 
fasting blood glucose before and after Ramadan bearing in mind the gender differences. The 
primary finding of this meta-analysis was that after Ramadan fasting, low-density lipoprotein 
(95% CI = -2.48 to -0.86) and fasting blood glucose levels (95% CI = -1.62 to -0.58) were 
decreased in both sex groups. On top, body weight, total cholesterol and triglyceride levels (95% 
CI = -0.31, 0.36) remained unchanged in females, despite the fact HDL levels increased (95% CI 
= 0.11 to 1.61, p = 0.03). Ramadan fasting resulted in weight loss (p = 0.001). Also, a substantial 
reduction in total cholesterol (95% CI = -0.77 to -0.11) and LDL levels (95% CI = -3.47 to -0.96) 
and a small decrease in triglyceride levels (95% CI= -0.67 to -0.02) in males [20]. In this meta- 
analysis, combining all results of all studies, it can be clinched that Ramadan fasting leads to 
decreased LDL levels, nonetheless no increases in HDL and triglycerides. FBG levels were also 
significantly abridged after Ramadan fasting. Ramadan fasting may have some positive effects 
on a number of health outcomes in a healthy Muslim population. Keeping in consideration the 
limitations of such analysis while interpreting the results, more investigations are necessary to 
show sustainability of this positive effect. 


Ramadan and Lipid Profile in Association to Nutritional Style, Physical 
Activity, Changes in Sleep Pattern 


Ramadan fasting investigations have shown that despite the increase in the level of 
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calorie consumption in Ramadan, the body weight, TC, TG and C-LDL decreased at the end 
of the holy month. The reduction of both serum TG and TC was maintained one month after 
Ramadan. This has been anticipated to the changes in the dietary habit during Ramadan. 
While fasting is accompanied with an increase of anti-atherogenic biochemical parameters 
(HDL-cholesterol) and apolipo protein Al and/or a decrease of atherogenic parameters 
(triglycerides, total cholesterol, apoprotein (apo) B, and LDL-cholesterol)| in certain 
practicing Islamic fasting populations, this influential effect may not be evident in other 
Muslim fasting population. Such incongruity could be attributed to different ethnic groups, 
alimentary products consumption, different level of physical activity and almost certainly 
to different physio-pathological conditions and geographical zones, or seasonal variation in 
which Ramadan takes place as a lunar calendar month [8,15,17,21-28]. 


Ramadan fasting have shown that striking changes in nutritional habits during Ramadan 
may be useful in reducing LDL levels and in increasing HDL levels. The young Muslim’s 
diet during Ramadan may contribute to auspicious alterations of the serum lipoprotein 
profile related to cardiovascular protection. In a study of 48 Healthy volunteers (22 men 
& 24 women) in North Africa showed higher total energy intake during Ramadan (13 and 
11 MJ/day) equated to before and after Ramadan (11 and 9 MJ/day) in both genders, 
correspondingly. In the second week of Ramadan, carbohydrate intake was elevated by 22% 
and 24% in men and women, respectively, compared to before and after Ramadan. At the 
end of Ramadan, the low density lipoproteins decreased by 20% in women and 55% in men 
compared to the values obtained before Ramadan. In both groups, high density lipoproteins 
increased by 1.4-fold (on day 28 of Ramadan vs. before and after Ramadan). A progressive 
decrease in LDL-C perceived in females. HDL-C displayed 30 % increment on day 15 of 
Ramadan, compared to before Ramadan [29]. 


Later study in which Ramadan month conforming to the winter season (included 38 
healthy men volunteers) clinched that Islamic fasting in Ramadan with low fat, low calorie 
diet leads to plasma lipids reduction in hyper lipidemic men. In this study population, the 
fat diet was high in polyunsaturated fatty acid in disparity to saturated fatty acid. After 
Ramadan total energy intake increased but as compared with the pre fasting period totals 
energy level is delimited. The reduction of mean body weight one month after Ramadan in 
comparing with the first day of holy month could be donated to a reduction in energy intake 
and increase in physical activity after Ramadan. Relating to the short term of the fasting 
days and the occurrence of fasting in the winter season, the fasting population likely had 
not changed their daily feeding habits after Ramadan. These finding suggest that continuing 
nourishing behavior and aerobic exercise could lead to maintain lipid profile levels and to 
increase HDL level one month after Ramadan [15]. 


Keeping in mind that different Islamic populations have dissimilar eating habits, 
conspicuously during Ramadan, the change of diet, lipids, and lipoproteins produced during 
Ramadan in 36 (22 males and 14 females) Tunisian volunteers. During Ramadan, the study 
subjects consumed more proteins, cholesterol, vitamin E (p < 0.01), and polyunsaturated 
fatty acids (p < 0.05). Simultaneously, they displayed an increase in total cholesterol, low- 
density lipoprotein-cholesterol (p < 0.01) and apoprotein B (p < 0.05) and a decrease in 
the ratio of apoprotein AI to apoprotein B (p < 0.01). All assayed saturated fatty acids 
were not altered during fasting while three unsaturated fatty acids (C18:lcis9, C18:2n-6, 
and C30:4n-6) increased significantly. Habitual diet was not sufficient to restore the pre- 
fasting patterns [30]. Ramadan is associated with a change of diet and biochemical profile 
with unclear influence on atherosclerosis risk; perhaps, considering other non-alimentary 
changes, such as sleep and physical activity, might be useful to elucidate the influence of 
dietary change in the observed reform of biological profile. 
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Author Country/ study Study sample age Effect on lipid profile 


t HDL-C and LDL-C increased by 0.12 
(p < 0.01) & 0.20 mmol. | (-1) (p < 0.05), 


respectively. 
| mean non-esterified fatty acid levels from 
Chaouachi A et al. 0. (p < 0.01) in first week, then f (p < 0.05) 


2008 [34] Tunisia/ prospective 15 elite judo players ------------- 


to 1.22 mmol. | (-1) over the middle of 
Ramadan &recovered to pre-Ramadan level 
for the end & the post-Ramadan periods. 

î Apolipoprotein A1 levels significantly at the 


end (p < 0.01) & post-Ramadan p (p < 0.05). 


Bouhlel E et al., si i î Plasma triglycerides and HDL cholesterol 
2008 [33] Tunisia/ prospective 9 male rugby players (age 19 +/- 2 yr) E 


Higher total energy intake during Ramadan 


Lamri-Senhadji M Y Algeria/ o realny mean age = 24 + 3 (13 and 11 MJ/day) than before and after 
, volunteers (22 men, . 
2009 [29] prospective 24 years Ramadan (11 and 9 MJ/day) in men and 
women) 
women. 
| Body weight by 1.2 kg (p = 0.03) in Fasting 
grp with physical activity. 
Haghdoost AA et ifani Group I| :19.25 | TG in both groups during Ramadan. 
al., 2009 andomieedtria 93 students (3.5) yrs group | TC during & after Ramadan for those who 
[19] 11:20.4 (3.2) yrs concurrently engaged in physical activity & 
fasted. Comparable changes in the HDL, 
LDL & HDL/LDL in both groups (p > 0.5). 
t In TC, LDL-C (p < 0.01) & Apo protein B 
(p < 0.05). 
Barka A et al., Tunisia/ 3 nea Mear age = | Apo protein Al/ Apo protein B ratio (p < 
volunteers (22 (range :22-55) 
2011 [30] prospective males & 14 females) years 0.01). 
y — Saturated fatty acids by fasting. 
î 3 unsaturated fatty acids significantly. 
Trabelsi K et al., a : 18 physically active Mean 26.6 (+ SD f High-density lipoprotein cholesterol by 
2011[35] Tunisia prospecte i isn 3.0) yrs. 27.3% (P < 0.001). 
| TC & LDL after Ramadan vs. pre-Ramadan 
(P = 0.011, P = 0.001). 
t TG & VLDL at the end of Ramadan vs. 
Mirzaei B et al. 14 male collegiate (age, 20.12 + 2.5 Dotore: S arer Ramaga, 


’ Iran/ prospective ~ | Glucose Significantly. 
î HDL (P = 0.001, P = 0.045). 
| Body weight, body fat % & aerobic power 
at 4" wk of Ramadan vs. pre-Ramadan (P = 


0.05). 


t: increase, |: decrease, TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; —: 
No Change; -------- : Information Not Accessible 


2012 [32] wrestlers yrs) 


Table 2: Ramadan, nutritional style, physical activity, athletics, changes in sleep pattern and lipid profile. 


Habitually, people are less physically active during Ramadan; nonetheless such 
assumption may not explain the disparities in the lipid profile. Other factors, such as changes 
in the diet and sleeping hours, may have more important starring role. A randomized trial, 
which included 93 students who took a physical education course who were divided into 
two groups — those who had regular physical activity after Ramadan and those who had 
physical activity during Ramadan, assessing fasting glucose sugar and lipid profile from 
venous blood sample before, at the end, and 40 days after Ramadan. In this study Fasting 
with physical activity decreased body weight by 1.2 kg (p = 0.03). Fasting blood sugar 
decreased by 7 mg/dL, triglyceride decreased in both groups during Ramadan, nevertheless 
cholesterol levels dropped noticeably during and after Ramadan for those who concurrently 
engaged in physical activity and fasted (-12.24 and -8.4 mg/dL, respectively). The outlines 
of fluctuations in the high-density lipoprotein, low-density lipoprotein and HDL/ LDL values 
were more or less comparable in both groups (p>0.5) [19]. Due to the long duration of diurnal 
fasting in Ramadan, hunger and dehydration levels increase beyond those experienced at 
other times of the year, food intake is restricted to the night hours within a short time 
distance, which delays and reduces the duration of sleep. Furthermore, if the period of 
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daytime fasting is disjointed by spells of sleeping, the normal sleep-wake cycle associated 
with the solar day is disturbed [15,16]. These effects suggest that Ramadan fasting can be 
considered as a period when the human body is exposed to different mild strains, and hence, 
fasting may induce stress tolerance and heat shock protein. A profitable effect of Ramadan 
fasting may increase serum HSP70 and improves serum lipid profile [17]. In a study 
included 102 multi-ethnic volunteers (68% male; mean age + SD (38.7610.5 years) from 
the middle east correlating lipid profile changes and body weight and waist circumference 
found significant and beneficial changes in systolic blood pressure, body weight, waist 
circumference, triglyceride, high-density lipoprotein and low-density lipoprotein, at the 
end of Ramadan, but not in total cholesterol. Likewise, a significant progressive increase 
in high-density lipoprotein and decrease in low-density lipoprotein levels were found four 
weeks after Ramadan. At the end of Ramadan both total cholesterol and triglyceride were 
slightly lower before and 4 week after Ramadan [18]. This is in contrast to results from 
Morocco [14], where a significant reduction in total cholesterol and triglyceride levels up 
to four weeks after fasting season. Such findings are associated with increased feasting of 
monounsaturated and polyunsaturated fatty acids along with decreased consumption of 
saturated fatty acids during fasting period the significant differences between the classical 
Mediterranean dietary habits and the diet enriched in saturated fat, in the Middle East [18] 
may be the elucidation. 


Ramadan, Lipid Profile and Athletes Performance 


Ramadan fasting has little effect on the performance of experienced Judokas, but 
Muslim athletes who train during Ramadan should carefully timetabled their training load 
and scrutinize their food intake and fatigue levels to avoid performance decrements [31]. 
Correlating physical activity and fitness to the Muslims fasting season. Ramadan fasting 
appears to have significant effect on body composition, aerobic power and lipid profile in 
14 male wrestlers (age, 20.12 + 2.5 yrs.) who were tested one week before the beginning 
of Ramadan, last week of Ramadan and the 4" week after Ramadan results showed 
that body weight, body fat percentage and aerobic power at 4" week of Ramadan were 
significantly lower than pre-Ramadan values (P = 0.05). Total cholesterol and low density 
lipoprotein levels decreased after Ramadan compared to pre-Ramadan (P = 0.011, P=0.001 
respectively), however, it touched to higher levels month after Ramadan vs. Pre-Ramadan 
levels, significant decrease and increase were consequently witnessed in glucose and high 
density lipoprotein (P = 0.001, P = 0.045). Triacylglycerol and VLDL increased at the end of 
vs. before and after Ramadan [32]. In a study involved 9 male rugby players (age 19 +/- 2 
yr, height 1.78 +/- 0.74 m) showed that Ramadan fasting was associated with a reduction of 
body mass and body fat (p < 0.01) without significant change in leptin or adiponectin levels 
but increased plasma triglycerides and HDL cholesterol concentrations [33]. 


The effect of Ramadan intermittent fasting on blood lipid markers in 15 elite judo athletes 
during a period when they were maintaining their training load without competing Mean energy 
intake (12.9 MJ/d) remained similar throughout the study as did the macronutrient constituents 
of the diet. Mean body mass was slightly reduced (2%; p < 0.01) by the end of Ramadan due 
mainly to a 0.65 +/- 0.68 kg decrease in body fat (p < 0.05). Ramadan fasting produced 
significant changes in some of the blood lipid levels: both HDL-C and LDL-C increased by 0.12 
(p < 0.01) and 0.20 mmol/L (p < 0.05), respectively. During Ramadan, mean non-esterified 
fatty acid levels decreased from 0.73 to 0.28 mmol. L (-1) (p < 0.01) during the first week, then 
increased (p < 0.05) to 1.22 mmol/L over the middle of Ramadan and recovered to pre-Ramadan 
concentrations for the end and the post-Ramadan periods. Apolipoprotein Al (Apo-A1) levels 
were significantly elevated at the end (p < 0.01) and the post-Ramadan periods (p < 0.05). Three 
weeks after Ramadan, blood levels of glucose, non-esterified fatty acid, Apo-Al, and Apo-B did 
not return to the values observed before Ramadan. The amalgamation of the change in diet 
pattern during Ramadan, along with intense exercise training, induced a significant decrease in 
body mass associated with a reduction in body fat and changes in some of the serum lipids and 
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lipoproteins. Nevertheless, all the measured serum parameters remained within normal levels 
for young and active individuals [34]. 


In a study encompassed 18 physically active men showed that fating Ramadan resulted 
in an increase urea by 8.7% (P < 0.001), creatinine by 7.5% (P < 0.001), uric acid by 12.7 
% (P < 0.001), serum sodium by 1.9% (P < 0.001), serum chloride by 2.6%; P < 0.001) and 
high-density lipoprotein cholesterol by 27.3% (P < 0.001) [35]. 


Ramadan Fasting, Lipid Profile and Cardiovascular Health 


Ramadan fasting has elicited diverse results in relation to cardiovascular health, above 
all regarding lipid profiles. As discussed in above section that nutritional habits, sleeping 
patterns and frequency of meals have reflective effects on human health. Whether such 
alterations affect the lipid profile in association to homocystine and coagulation profile were 
studied in 24 healthy fasting volunteers with assumption of intermittent fasting led to some 
profitable changes in serum HDL and plasma homocysteine levels, and the coagulation rank. 
These changes may be due to omitting at least one meal when the body was particularly 
metabolically active and possibly had a low blood viscosity level at the same time [36]. 
Subclinical inflammation is a risk factor for cardiovascular diseases [37] and further more 
elevated concentrations of CRP (C-reactive protein), mediated by cytokines (especially IL- 
6) produced by adipose and other tissue are shown to be associated with obesity, insulin 
resistance and metabolic syndrome [38-40]. Prolonged intermittent fasting in a model 
like Ramadan has some affirmative effects on the inflammatory status of the body and 
on the risk factors for cardiovascular diseases such as homocysteine, CRP and TC/HDL 
ratio. Such result bring into being in a study in 40 healthy volunteers of normal weight (20 
females aged 20 - 38 years, 20 males aged 23 - 39 years, body mass index (BMI<25 kg/m?) 
found no significant changes in serum total cholesterol, triglycerides and LDL levels. TC/ 
HDL ratio decreased during and after Ramadan in both genders in the fasting group even 
though no changes perceived in the non-fasting group measure up to pre-fasting levels. 
IL-6 (p < 0.001), CRP (p < 0.001) and homocysteine (p < 0.01) levels were significantly low 
during Ramadan in both fasting genders, keeping in mind that the average daily energy, 
water intake and working hours were akinin both the fasting and non-fasting groups [41]. 





Author Country/study Study sample Age Effect on lipid profile 


— InTC TG and LDL levels. 

î HDL levels during Ramadan (p< 0.001) & 20 days 
after (p< 0.05). 

21-35 years || D -dimer at the end of Ramadan vs. pre- &post- 
fasting levels (p< 0.001). 

| Homocysteine levels during Ramadan (p <0.05) 
reached pre-fasting levels after Ramadan. 

— in TC, TG& LDL levels. 

4¿TC/HDL ratio during & after Ramadan in both 
genders in the fasting grp. 





Aksungar FB etal | Turkey/ 24 healthy volunteers 
2005 [36] prospective (12 females, 12 males) 





Aksungar FB etal | Turkey/ 40 healthy volunteers |23- 39 years 








2007 [41] prospective — In the non-fasting group. 
| IL-6 (p< 0.001), CRP (p < 0.001) & homocysteine (p< 
0.01) levels during Ramadan in the fasting genders. 
itani Improvement in 10 years CAD risk score 
Nematy M et al a prospective in 82 volunteers (38 29-70 y, (Framingham risk score) (13.0 + 8 before Ramadan 
2012 [42] absenalonal male 44 female (mean54.0 +| & 10.8 + 7 after Ramadan, P <0.001, t test) & other 
study i i 10 y) cardiovascular risk factors; lipids profile, systolic BP, 
weight, BMI & waist circumference. 
4 HDL-C significantly during vs. before fasting (P = 
0.012). 
Gaan + LDL-C during fasting vs. before fasting (P = 0.022). 


KhafajiHadi et al 
2012 [46] 


56 patients with stable 67.9% aged | No significant changes TC, TG, serum leptin, or hs-CRP. 
cardiac illnesses >50 years ‘| Significant correlation between TC & hs-CRP during 
fasting (P = 0.036), but not with TG, LDL-C, or 
HDL-C (P> 0.05). Neither of these correlated with 
serum leptin (P> 0.05). 


prospective 
study 
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t: increase; |: decrease; TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; 
—: No Change 


Table 3: Ramadan fating lipid profile and cardiovascular health. 


Ramadan fasting has beneficial effects on cardiovascular risk factors, nevertheless there 
are disputes. prospective observational study carried out in 82 volunteers (38 male , 44 
female, mean age 54.0 + 10 y), with a previous history of either coronary artery disease, 
metabolic syndrome or cerebro-vascular disease with at least one cardiovascular risk 
factor (including history of documented previous history of either Coronary Artery Disease 
(CAD), metabolic syndrome or cerebro-vascular disease in past 10 y) shows a significant 
improvement in 10 years coronary heart disease risk score(based on Framingham risk 
score) and other cardiovascular risk factors including lipids profile, systolic blood pressure, 
weight, BMI and waist circumference in subjects with a previous history of cardiovascular 
disease. HDL-c, WBC, RBC and platelet count are significantly higher and lower plasma 
cholesterol, triglycerides, LDL, VLDL, systolic blood pressure, body mass index and waist 
circumference after Ramadan (P < 0.05). With no significant changes in fasting blood sugar, 
insulin, Homeostasis Model Assessment Insulin Resistance (HOMA-IR), homocysteine, hs- 
CRP and diastolic blood pressure before and after Ramadan (P > 0.05) [42]. 


Leptin have multiple roles in the cardiovascular system as a vaso active substance in 
regulation of myocardial blood flow and it may have a pro-thrombotic effect [43,44]. Serum 
CRP is significantly associated with other cardiovascular risk factors [45]. We have reported 
before That Ramadan fasting in stable cardiac patients has no effect on their clinical status, 
serum leptin, or hs-CRP, but results in decrease in HDL, increase in LDL such finding my 
controversial to what elicited above, but we found significant correlation between TC and 
hs-CRP during Ramadan, but not with TG, LDL-C, or HDL-C, we also reported a significant 
correlation between hs-CRP and serum leptin before, during, and after fasting season [46]. 


Ramadan Fasting and Lipid Alteration in Diabetics and Pre-Diabetics 


Diabetes is known to be associated with alterations in metabolic parameters. Whether 
Ramadan fasting can affect these metabolic parameters in diabetics has been investigated 
in many studies most of which were on NIDDM patients. Physiological adaptations during 
the month of fasting lead to an increase in reliance on fat as a source of energy during 
fasting hours [47]. 


During Ramadan obese patients with type 2 diabetes, consume more dietary fat (35.84 
versus 25.36%), particularly the saturated fats (231 kcal/day or 43.25% of total fat) 
[48]. Total cholesterol intake, in addition to total cholesterol and low-density lipoprotein 
cholesterol concentrations, increased significantly in non-obese patients with type 2 (n = 
57) (p < 0.03) [49] and in NIDDM patients with hyperlipidemia whether on diet, fibrates or 
statins also go through changes in the apo A-1 level and its ratio to HDL and apo B but 
TC and apo B levels increased (P < 0.05). These divergent effects in diabetic patients could 
inconsistently influence coronary artery disease risk liability [26]. In diabetic obese woman 
Ramadan fasting may have a beneficial effect on glucose homeostasis; but an unbalanced 
profile on lipids. [29]. 


Results from more recent study showed that fasting during Ramadan deteriorated the 
glycemic control in Type 2 diabetes patients. This is more evident in patients using oral 
hypoglycemic medication than diet- controlled patients. However, Ramadan fasting had 
small positive effects on lipid profile and body weight. This was found in a prospective cohort 
clinical trial on 88 Type 2 diabetes patients (45 male, 43 female, age 51 + 10 yr) who opted to 
fast for at least 10 days during the month of Ramadan. There was a significant deterioration 
in fasting blood sugar and HbA (1c) (p = 0.002 and p < 0.001, respectively) and significant 
improvements in HDL and LDL cholesterol and body mass index after Ramadan (p < 0.001). 
Captivatingly, HbA (1c) showed a reduction 1 month after Ramadan [50]. 
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However, the pre-Ramadan existed dyslipidemia was sustained or even worsened 
following Ramadan fasting in a study conducted in 44 NIDDM male (mean age were 52 + 9 
years, range 35-75) volunteers who fasted the month of Ramadan with metabolic parameters 
recorded. The total daily energy intake (qualitative components of nutrients) unchanged. 
NIDDM patients showed a trend towards better glycemic control following Ramadan fasting. 
Pre-Ramadan existed dyslipidemia was sustained or even worsened following Ramadan 
fasting with statistically significant body weight reduction, FBS, HbAlc, and TG levels by 
the end of Ramadan (1.57 kg, 31 mg/dl, 0.85%, and 35 mg/dl). No changes seen in other 
parameters such as TC, LDL-C, and HDL-C were not affected [51]. 


Evaluating the effect of Ramadan fasting on insulin sensitivity in subjects with the 
metabolic syndrome in55 Males (age 34.1 (SD 8.9) years) with the metabolic syndrome 
showed that total daily energy intake was decreased by 234.6 (SD 88.2) kJ/d in the fasting 
period (P = 0.005). 1/HOMA-IR, QUICKI and HDL-C were significantly increased (P = 0.005, 
P = 0.001 and P = 0.004 respectively) and Fasting glucose level significantly decreased 
(P < 0.005) after fasting. The combined change in the number and timing of meals and 
portioning of the entire intake into only two meals per day may increase insulin sensitivity 
in subjects with the metabolic syndrome [52]. 


Author Country/ study Study sample Age Effect on lipid profile 


t TC significantly but not TG at the end 
of Ramadan 

— in body weight, fasting plasma 
glucose, HbA1, C-peptide & insulin 
blood levels at the end of fasting. 


SaudiArabia/ 39 NIDDM overweight mean age of 51.5 +/- 
Seen MA 1229.134] Prospective pts-29 F+10 M 1.65 years 


— Apo A-1 level & its ratio to HDL & 
apo B In diabetics. 
Akanji AO et al., Kuwait / 64 adult hyperlipedimic Mean aged 47.910.6 t TC & Apo B levels (P < 0.05)-more 
2000 [23] Prospective diabetic patients yrs consistent in men vs. women, in 
subjects on fibrate or statins, may 
variably influence CHD risk liability. 


— fasting glucose, serum fructosamine 
& haemoglobin A1c. 

--------------- Negative relation between cholesterol 
intake during Ramadan and the change 
of HDL-cholesterol. 


Bouguerra R etal., Tunisia / 25 NIDDM controlled/ 
2003 [56] Prospective diet/ oral agents 


î in daily cholesterol intake in all 
subjects (p < 0.03). 
+ Body mass index in women (p < 
0.03). 
| BMI & waist-hip ratio in men (p < 
0.01). 

57 NIDDM ———s wwe =n n=====---- — Blood pressure, fasting blood 
glucose &serum fructosamine. 
| Plasma insulin (p < 0.05), C-peptide 
(p<0.01) & insulin resistance (p < 0.01) 
in male. 
î TC and LDL significantly in all 
subjects. 


— TC, LDL-C, HDL-C during Ramadan 
fasting. 
Khatib FA et al., Jordan/ 44 NIDDM male mean age =52 +9 | Body weight, FBS, HbA1c, & TG 
2004 [51] Prospective patients yrs (35-75 yrs) levels by the end of Ramadan (1.57 
kg, 31 mg/dl, 0.85%, and 35 mg/dl) 
Significant. 


— TC. 

| TG after Ramadan in patient taking 
sulfonylurea (p = 0.002) and 3 (p = 
0.024). 

î HDL-cholesterol level in group 3 (p = 
0.022). (See reference). 


lran/ 
Yarahmadi S et al., | Observational 
2003 [49] non interventional 
study 


Group 1 = 59 + 6yrs, 
52 NIDDM patients Group 2 = 57 + 5yrs, 
Group 3 = 58 + 8yrs 


Sari R et al., 2004 Turkey/ 
[59] Prospective 
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Indonesia/ — in TC compared week -1 &week 4 of 


Gustaviani R et al., 24 NIDDM (10 males (median 52.6yrs) 


prospective B Ramadan. 
2004 [38] controlled study Mee Ie temalES) rang ONARE yr î in LDL cholesterol level significantly. 
Bouguerra R2006 Tunisia/ 38 NIDDM pts (20 Mean age = 51.410.5 || HDL-cholesterol (p < 0.01). 
, î LDL-cholesterol (p < 0.003). 

[57] Prospective males & 18 females yrs : ' 

— in glycemic control. 

jin fasting B. glucose (16.72%, p < 

. 0.001), in HbA1c (11.3%, p < 0.005), 

Khaled BM etal.,  Algeria/ ea At aded 51 4/- 10 vears HDL-C (26.81%, p < 0.001) rates. 
2006 [26] Prospective ` g y t TC (13.85%, p<0.001), TGs (16.9%, 


S 2 
+/- 3.64 kg/m’), p<0.003), the LDL-C (22.39 %, p < 


0.0001) levels significantly. 


î In HDL-C levels after the intervention 
(P = 0-004). 

t Insulin sensitivity in subjects with 
metabolic syndrome. 

| total daily energy intake by 234.6 
(SD 88.2) kJ/d in the fasting period (P 
= 0.005). 

Fasting glucose (P < 0.005) after 
fasting. 


Shariatpanahi ZV et 
al., 2008 [52] 


Mean age =34.1 (SD 


Iran/ Prospective 55 Males 8.9) years 


Fluctuations in some lipid and 
hematological parameters, creatinine, 
urea, uric acid, total protein, bilirubin, 
and electrolytes; however, all values 
stayed within the proper physiological 
range. 


M'guil M et al., 2008 Morocco/ 120 pts (62 F + 58 M) 


[53] prospective well controlled NIDDM. 42-69 yrs 


significant deterioration in FBG & 
HbA (1c) (p = 0.002, p < 0.001, 

age 51+10yr respectively), significant improvements 
in HDL & LDL cholesterol & body mass 
index after Ramadan (p<0.001) 


Norouzy A et al., 
2012 [58] 


45 male, 43 female, 


Iran /Prospective with NIDDM 


t: Increase; |: Decrease; TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; —: 
No Change; -------- : Information Not Accessible; FBG: Fasting Blood Glucose; NIDDM: Non-Insulin Dependent Diabetes Mellitus 


Table 4: Ramadan fasting and lipid alteration in pre-diabetics and diabetics. 


Unique physiologic and metabolic changes occur during Ramadan fasting which also 
requires adjustments of diabetes therapy to prevent complications. Although managing 
diabetes during Ramadan is challenging but successful fasting can be accomplished if 
proper pre-Ramadan assessment and education is provided to the patient. While some 
studies found no changes in body weight and blood pressure mean plasma fasting glucose, 
serum fructosamin and haemoglobin Alc or any metabolic complications [53-55]. A negative 
relation between cholesterol intake during Ramadan and the change of HDL-cholesterol 
were found. When cholesterol intake was lower than 400 mg/day, plasma HDL-cholesterol 
increased by 13% at the end of Ramadan and by 23% 3 weeks after Ramadan [56]. Ramadan 
fasting was safe in patients with type 2 diabetes mellitus in a study in Morocco included 120 
with well controlled DM with oral agent and or diet .Ramadan fasting had no major effect 
on energy intake, body weight, body mass index, blood pressure, and liver enzymes. Fasting 
and post-prandial glucose levels decreased, while insulin levels increased. Diabetes was well 
controlled, as indicated by HbA1c, fructosamine, C-peptide, HOMA-IR, and IGF-1 values, 
with some fluctuations within the physiological range in some lipid and hematological 
parameters, creatinine, urea, uric acid, total protein, bilirubin, and electrolytes. [53]. 
Ramadan fasting seems to trigger slight effects on glycemia and lipoprotein levels when 
previous metabolic control is quite good but more corrosion when previous control is 
poor and hypoglycemia should be kept in mind especially in patients using sulfonylurea 
treatment [57-59]. 


Ramadan Fating Lipid Profile and Renal Patients 


Muslim patients with Chronic Kidney Disease (CKD) usually fast Ramadan, the studies 
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on this group of patient are very scarce regarding fasting and lipid profile changes with a 
gain of diverse result, but good number of studies has shown that Ramadan fasting is safe 
in these patient even those with mild to moderate renal impairment such result may need 
further investigation and should be taken cautiously by the treating physician for these 
patients and insofar diabetes were the sole cause of renal impairment in the fasting age 
group, a prospective study of 31 patients fasted the whole month of Ramadan (19 males 
(mean age 54 + 14.2 years)) 14 patients were in stage II CKD, 12 in stage IV and 5 had 
stage V. patients shows tendency to weight reduction, and lower systolic and diastolic blood 
pressure. In this study Diabetes was the main cause of CKD (19 (61%) patients (e-GFR) = 29 
+ 16.3 mL/min). Clinical assessment and renal function tests performed one month prior 
to fasting then during and a month later. Patient continued taking medications two divided 
doses at sunset and pre-dawn. eGFR showed a significant improvement during the fast and 
the month after. With deterioration of the glycemic control with an increase in the HbAIc, 
there was better lipid profile, reduction of the proteinuria and urinary sodium fasting is well 
tolerated by patient studied [60]. 


Author Country/study Study sample Age Effect on lipid profile 


Better lipid profile, significant improvement 
Bernieh B et al., UAE/ orosnecive ISA patiente mean age 54 + 14.2 in e-GFR during the fast & month after. 
2010 [60] pe p years | proteinuria & urinary sodium. 

t Hb A1c. 

— Body weight, blood pressure, kidney 


function tests, blood sugar, lipid profile, and 
cyclosporine levels. 


22 kidney RTX for 


Boobes Y 2009 [66] UAE/ prospective 1 yrs. with stable ean age of 47 +/- 


kidney functions TEG years None of the patients experienced any undue 
fatigue, or symptoms. 
VLDL (33 + 7 mg/dLvs 28.5 + 5 mg/dL. P =0 
Argani H et al., 30 stable renal mean age of 39 + UTD) Signincanty: dung fasing inve. non: 


Iran / prospective fasting periods. 
î Levels of HDL (47 + 5 mg/dL vs. 54 + 4 


mg/dL, P= 0.001). 


2003 [69] transplant recipients 4 years 


t: Increase; |: Decrease; TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein 
Table 5: Ramadan fating lipid profile and renal patients. 


Nonetheless Patients and physicians fear fasting in renal transplant patients primarily 
due to thirst and dehydration [61] however Ramadan fasting may have no effect on GFR 
and other urine parameters in renal transplant patients [62,63]. Immunosuppressive effects 
persuaded by anti-rejection drugs persevere during fasting, as well in the non-fasting period 
although the threshold for suspicion of infections should be lower in this period as over 
immune suppression due to alteration in pharmacokinetic and dynamics may predispose 
patients to infection [64-65] but Ramadan fasting can be safe in this group of patient 
with even no alteration in immunosuppressive serum level even in patients with mild to 
moderate renal impairment [66-68]. For stable renal transplant patients Ramadan fating is 
not harmful at least in seasons with a fasting period of 12 hours. It can have some positive 
effects, if the patients are observed carefully by their physician. In a study of 30 stable renal 
transplant recipients who displayed serum creatinine values less than 1.8 mg/dL under 
triple immune suppression the investigators observed lower levels of VLDL, and higher 
HDL. IgG and C4 levels increased moderately but not significantly. T cells, IgA level, total 
WBC counts, serum electrolytes, serum creatinine, BUN, and relation of urine protein to 
urine creatinine were relatively constant during the fasting period. Clinically, BP and urine 
volume did not change during fasting. In addition there are lower levels B cells, IgM, C3 [69]. 


Ramadan Fating Lipid Profile and Gestation 


Many studies have focused on the effect of fasting during pregnancy on maternal and 
fetal health; nonetheless inconsistent but maybe advantageous results have been conveyed 
[70-80]. Changes in lipid profile during Ramadan have been described by Kiziltan et al., 
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reported a significant increase in the HDL concentrations of 12 healthy fasting women with 
pregnancy of the first trimester. They also reported a decrease in the levels of plasma LDL 
in 37 fasting healthy women with pregnancies of the second or third trimester [81]. Eating 
one large daily meal leads to a significant increase in serum HDL levels, while decreasing the 
LDL/HDL ratio in healthy subjects during Ramadan, such increase in the HDL levels was 
due to post-prandial lipemia and the magnitude of the post-prandial lipemia was suggested 
to be important for the metabolism and plasma levels of HDL [8,82]. 


On the other hand, elevated levels of serum triglyceride in fasting subjects have been 
reported and attributed to the lipolytic effect of prolonged fasting [72,80,81,83]. On the other 
hand, Ziaee et al., [16] reported a negative correlation between primary triglyceride levels 
before and during Ramadan, i.e., subjects with higher triglyceride levels had a lesser increase 
in triglyceride levels during Ramadan. Fasting of healthy women during pregnancy seems 
to have no adverse effects on amniotic fluid index, fetal Doppler and delivery parameters. 
In one study recruited 110 women (56 fasting vs. 54 non-fasting). No statistical difference 
detected between the groups in regards to fetal Doppler parameters, amniotic fluid index, 
and gestational age at delivery, cesarean section rate, birth weight or NICU admission. 
However, lower levels of VLDL, triglyceride and higher incidence of ketonuria were detected 
in the fasting group (p<0O.05) [84]. 


Author Country/study Study sample age Effect on lipid profile 


î triglyceride, non-esterified fatty acid and 
Malhotra A et al., | UK/ oeaan GiilabearnGaae-= 3-hydroxybutyrate. 
1989 [79] prospective preg g ag | in glucose, insulin, lactate & carnitine 
significantly. 
+ free fatty acid and beta-hydroxybutyrate 


West African 22 fasting pregnant, levels significantly (P < 0.05). 


Prentice AM et al., 


1983 [80] villager : 10 lactating:& 10 ee Child bearing age | Alanine values significantly (P < 0.05) in 
prospective pregnant, non-lactating i ; 
ate than in early pregnancy. 
î in the fasting blood glucose slightly. 
î serum TC, HDL, TG (p < 0.05 for first 
T 49 fasting & 49 trimester) concentrations slightly in the 
a oral nes ee non-fasting (control) Child bearing age fasting group during Ramadan. 
lea pregnant women | levels of urea, TC, TG, LDL & total 


protein &albumin levels of the fasting 
group vs. control group. 


t in TC&TG levels non-significantly in 
the fasting group, but higher than in the 
control group (p < 0.05). 

| LDL & VLDL levels non-significantly at 
the end of Ramadan. 

î HDL levels showed a slightly. 

| LDL/HDL ratios in fasting group (p < 
0.05). 


| levels of VLDL, TG. 

t Incidence of ketonuria were detected in 
the fasting group (p < 0.05). 

No statistical difference between the 
groups according to fetal Doppler 
parameters, amniotic fluid index, 
gestational age at delivery, cesarean 
section rate, birth weight or NICU 
admission. 


36 healthy women 
with uncomplicated Child bearing age 
pregnancies 


Dikensoy E et al., Turkey/ 
2009 [83] prospective 


D. Hızlı et al., Turkey/ 110 women 56 fasting Mean age 26.4 (range 
2012 [84] prospective group & 54 non-fasting 18—37) yrs 


t: increase; |: decrease; TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; 
VLDL: Very Low Density Lipoprotein; HSP: Heat Shock Protein 


Table 6: Ramadan fasting lipid profile in pregnancy. 


In summary fasting had no adverse effect on pregnant ladies, it may have beneficial 
effect on atherogenic lipid profile, the value of which need more investigations which in turn 
is difficult to apply from the clinical and may be the ethical point of view and short duration 


102 


of Ramadan fasting season but in general the available evidence from the above bundle of 
investigations at least can accomplish that Ramadan fasting have neutral or no adverse 
significances. 


Conclusion 


Till the date of writing this subject summarizing the effect of Ramadan fasting in different 
Islamic communities who are diverse in their eating behavior and constitution these 
communities have different social nutritional and physical activity sketch all of which may 
have great influence on the investigations results concerning the effect of fasting on lipid 
profile in these communities , in general we can determine that most of the studies that 
have discussed above and categorizes in the above chapter subtitles have at least shown 
neutral and mostly encouraging effect of Muslims fasting season on the general health in 
correlation to impact of fasting on the lipid fractions in correlation atherogenic risk but it 
may have advantageous effect at least in healthy general population and the stable cardiac 
, renal patients and normal pregnancies, finally physicians should be always on cautious 
side when taking this conclusion in consideration and each patient should be managed on 
their disease entities. 
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Abstract 


During the observance of Ramadan, food and fluid intake is concentrated into the hours 
between sunset and the following sunrise. Food choices, the sleep/waking cycle, and energy 
expenditures are among other habits that are often altered throughout this month. Many 
active individuals who observe Ramadan endeavor to maintain their normal patterns of 
physical activity during Ramadan, but all of the many consequences of superimposing 
a daily fast upon a program of vigorous physical activity have yet to be described. Body 
composition, metabolic markers, electrolytes, hematological parameters, and health-related 
indices such as blood lipids may all be altered. This chapter summarizes such effects, and 
explores training tactics that may help to conserve a normal body composition and counter 
potential changes in hydration status, renal function, immune function and inflammatory 
markers when active individuals engage in the intermittent fasting of Ramadan. 


Introduction 


Ramadan lasts between 29 and 30 days. During this month, Muslims abstain from food 
and fluid intake from dawn (el fajr) to sunset (el moghreb). Ramadan occurs eleven days 
earlier every year, and thus rotates through each of the four seasons over a 33 year cycle 
[1]. When it occurs during the summer, the daily fast in some countries can exceed 15 
hours, and the hours of darkness may then provide insufficient time for glucose and insulin 
concentrations to be restored to basal levels [2]. 


Individuals who are observing Ramadan may change the frequency of their meals [3], 
the quantity of food eaten [4] and fluid intake [1,5-7]. Not only is the timing of meals altered 
during Ramadan, but the type of food eaten often differs substantially from that consumed 
during the rest of the year [8]. One commonly reported trend is an increased preference for 
fatty foods [1,5,9,10]. Such dietary changes can in turn influence both the utilization and 
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the storage of substrates, and lead to modifications of body composition [5,6,11,12]. There 
may also be changes in hydration status, renal function, and the behavior of immune and 
inflammatory systems [5,6,11-14]. 


Those who are observing Ramadan often try to maintain a normal level of physical 
activity for recreational and health purposes. Likewise, many athletes seek to continue their 
normal pattern of training throughout Ramadan, particularly if they are competing at an 
international level. However, if Ramadan falls during the summer, maintenance of training 
places a heavy additional stress on mechanisms for the delivery of energy and maintenance 
of fluid/electrolyte balance [6]. With these issues in mind, recent investigations [1,7] have 
explored training tactics to maintain and even improve body composition and to prevent 
dehydration and the impairment of renal function in physically active individuals who are 
observing Ramadan. 


This chapter reviews published research examining the effects of Ramadan fasting on body 
composition, hematological and biochemical parameters in physically active individuals. It 
also describes novel approaches to training during Ramadan, examining how far these new 
tactics influence body composition, lipid profile, and immune and inflammatory markers. 
The relevant literature was reviewed using PubMed and Google Scholar databases, adopting 
the search terms of Ramadan fasting, fed versus fasted, hematological, biochemical, renal 
function, hydration status, immune system, inflammatory markers, lipid profile and sport. 


Body Mass and Body Composition 
Body mass 


Body mass commonly decreases over the course of the day during Ramadan [15,16]. 
This reflects progressive dehydration, at a rate influenced by environmental conditions, the 
intensity of physical activity and the resultant rate of sweating. Thus, the body mass of both 
soccer players [15] and martial arts practitioners [16] were lower during the afternoon than 
during the morning during Ramadan. Discrepancies in or lack of information on the time of 
measurement plainly limit the ability to make comparisons between studies. 


Empirical findings among participants in regular physical activity are quite heterogeneous. 
Many reports note a decrease in total body mass during Ramadan, for instance in subjects 
practicing general aerobic training [1,6,17-19] soccer players [20,21], various types of elite 
athlete [22], judokas [12] and rugby players [5,11]. Several factors have been invoked to 
explain the decrease in body mass, including not only dehydration [1,5,11] but also a 
negative energy balance [5,6], an increased use of body fat stores both at rest and during 
exercise [1,2,5,6,11,12], the use of lean tissue in gluconeogenesis or a combination of these 
factors [1,5,6,11]. 


In contrast, several authors have reported no significant change of body mass during 
Ramadan; the groups studied have included soccer players [23,24], middle-distance runners 
[25,26], elite power athletes [27] and recreational bodybuilders [7,14]. Activity levels seem 
to have been as high as in the studies where body mass decreased; possibly, these groups 
followed a better dietary plan to maximize the intake of food and fluids during Ramadan. 


Body composition 


Several methods have been used to determine changes of body composition during 
Ramadan. The commonest approach has been to measure skin fold thicknesses and thus to 
predict the body’s fat mass, using a two-compartment model [5-7,11,14,20]. Unfortunately, 
if body mass decreases due to dehydration, changes in the difference between total body 
mass and fat mass may give an erroneous impression that lean tissue has been lost. One of 
the studies cited applied the supposed “gold standard” of hydro densitometry to physically 
active men during the month of fasting [28]. This method is difficult to implement during 
Ramadan, since full submersion is required, and no water must pass through the mouth 
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of participants while they are fasting. Moreover, although an accurate estimate of fat mass 
is obtained, the difference between total and fat mass remains vulnerable to the effects of 
dehydration, just as with the simpler skinfold methodology. Determinations of bioelectrical 
impedance have occasionally been used to estimate body fatness [24,29], but this method, 
like the previous two, can be affected by changes in hydration status [30]. 


Published data on changes in body fat content during Ramadan have yielded conflicting 
results, presumably reflecting differences in dietary tactics. The percentage of body fat 
decreased in judokas [12], and rugby players [5,11], but remained unchanged in physically 
active men [28], middle-distance runners [25,26], elite power athletes [26], or soccer players 
[20]. Recently, Trabelsi and co-workers [1] compared a group of physically active men who 
were practicing aerobic exercise (running, rowing, and cycling at least 3 times/week) before 
breaking their Ramadan fast (between 4:00 and 6:00 PM) with another group who were 
practicing an equivalent amount of aerobic exercise after breaking their fast (between 9:30 
and 10:30 PM). The percentage of body fat decreased in the first group, but not in the 
second |1]. It appears that if aerobic exercise is practiced when fasting, the resulting energy 
deficit stimulates the use of stored body fat as the substrate for exercise [1]. 


A parallel study evaluated the effects ofa muscle-building program on the body composition 
of sixteen Tunisian recreational body builders [7]. These again were randomized to two equal 
groups of subjects training daily either before (between 4:00 and 6:00 PM) or after the break 
of fast (between 9:00 and 10:00 PM) during Ramadan for a total of four training sessions / 
week. The results showed that an equivalent amount of resistance training practiced either 
before or after the break of fast did not reduce fat or lean tissue mass, possibly because the 
total energy costs of training were lower. 


Table 1 summarizes empirical data on the changes of body fat content in active subjects 
during Ramadan. 


Authors Subjects Training Program Effect 
Trabelsi et al., [14] 9 male recreational bodybuilders Resistance training program 3 times/week < 
Trabelsi et al., [14] 12 male recreational rugby sevens players 120 min/day, 4 times/week l 
Meckel et al., [23] 10 young male soccer players 90 min/day 3 times/week plus one competition/ 


week 


40-60 min/day of aerobic training in fasted state 


10 physically active men at least 3 times/week 


Trabelsi et al., [1 
M 40-60 min/day of aerobic training in fed state at 7 


9 physically active men least 3 times/week 


Karli et al., [27] 10 elite male power athletes 120 min/day, 6 times/week < 
Bouhlel et al., [5] 9 elite male rugby players 120 min/day, 5 times/week l 
Chaouachi et al., [12] 15 elite male judokas 120 min/day, 6 times/week l 
Chennaoui et al., [25] 8 male middle - distance runners 6 to 10 times/week = total of 8 hours/week < 
Maughan et al., [20] 59 young male soccer players 60 min/session, 6 to 8 session /week < 
Brisswalter et al., [26] 9 well-trained runners specific training program, 3 times/week <> 


jogging or brisk walking exercise with a duration 


pagar chain, jo physically Acive men of 30-60 min/day (after dusk), 3 to 5 times/week di 


Stannard and 2 to 5 times /week in the weight training 


Thompson [28] 8 physically active men gymnasium = 
Racinais et al., [29] 11 recreational soccer players - < 
Güvenç [24] 16 amateurs soccer players 120 min/day, 3 times/week < 
8 recreational bodybuilders Resistance training program in fasted state, 4 
times/week 
Trabelsi et al., [7] 8 recreational bodybuilders Pesisiance training progran In Ted state, 4 < 


times/week 
<: no-significant; |: significant decrease; 1: significant increase 


Table 1: Changes in the percentage of body fat in physically active individuals during Ramadan. 
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Hematological Parameters 


Measurements of hematocrit and blood hemoglobin concentration are commonly used 
to evaluate hydration status [31,32]. The reported effects of Ramadan fasting on these two 
parameters in physically active individuals have not been consistent. One issue has been 
the timing of blood sampling, since dehydration is more likely in the late afternoon than 
early in the morning. Increases of hematocrit and hemoglobin have been noted in rugby 
union [5], seven players [11] and physically active men [6]. Dehydration was attributed to a 
decrease in the 24-hour water intake during Ramadan [5,6,11]. 


In contrast, a decrease in these parameters was seen in one group of soccer players 
during Ramadan [20]; possibly, they had a higher night-time water intake, but a further 
factor is that blood samples were collected in the mornings in some of the subjects. 


Aloui and colleagues [15] found that the hematocrit and hemoglobin values of twelve 
amateur soccer players were higher during Ramadan than in a control period, whether 
samples were collected in the morning (07:00 AM) or in the afternoon (05:00 PM). However, 
values were also higher in the afternoon than the morning during Ramadan, pointing 
to both a daily dehydration and a cumulative loss of body fluids over the month. Tayebi 
and colleagues [33] evaluated the effect of a 3 sessions/week resistance training program 
on weightlifters. Their results showed no changes in hematocrit, hemoglobin, red blood 
cell count, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular 
hemoglobin concentration or distribution index of red blood cells during Ramadan, relative 
to data measured before Ramadan. Similarly, blood platelet counts did not change during 
Ramadan [6,33]. However, micronutrient deficiencies (particularly a lack of iron and 
vitamins) may sometimes decrease blood platelet counts in physically active men during 
Ramadan [17]. 


Biochemical Parameters 
Plasma and serum electrolytes 


Serum sodium concentration is another potential indicator of hydration status [31,34]. 
Values increase in sedentary men during Ramadan, but interestingly such a change is 
not duplicated in physically active men [17] or soccer players [20]. Possibly, athletes, pay 
greater attention to maximizing their fluid intake during the hours of darkness. However, 
if Ramadan falls during a hot and humid month, the daily fluid losses may be such that 
an increase in serum sodium and chloride concentrations is difficult to avoid. Increased 
sodium concentrations have been reported in rugby sevens players [13] and in rugby union 
players [5]. 


During Ramadan, dehydration develops progressively over the day [385]. Amateur soccer 
players thus show higher plasma sodium and potassium concentrations in the afternoon 
(05:00 PM) than in the morning (07:00 AM) during Ramadan [15]. 


During Ramadan, some physically active men opt to train at night, few hours after the 
Iftar, in order to minimize their fluids losses. This strategy appears to be effective from the 
viewpoint of fluid balance; thus, Trabelsi and co-workers [1] noted that serum electrolytes 
concentrations (sodium, potassium and chloride) did not change during Ramadan if aerobic 
training was undertaken after breaking the fast, whereas sodium and chloride concentrations 
increased if aerobic training was performed before breaking the fast. 


Surprisingly, bodybuilders experience some increase in some serum electrolytes towards 
the end of Ramadan, whether they train at night or during the day [7]. These results seem 
in conflict with the findings during aerobic training. However, the total water intake of 
the bodybuilders decreased during Ramadan, even if they trained at night, whereas the 
men who were practicing aerobic exercise at night succeeded in maintaining their water 
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intake. Possibly, athletes who engage in resistance training receive less guidance on the 
maintenance of fluid balance than those who are involved in aerobic activities. 


Regardless of the time of day when training is undertaken, subjects should drink some 
600 mL/h of fluid (the normal gastric emptying rate) from the breaking of fast until bedtime, 
and an additional 1L at the Sahour meal in order to minimize chronic dehydration [36]. 


Renal function markers 


Creatinine clearance, and the plasma/serum concentrations of creatinine, urea and uric 
acid are all potential measures of renal function [37-39], although an increased breakdown 
of tissue protein could compromise the use of these indices during Ramadan. Increases 
of serum urea and creatinine have been observed in sedentary men during Ramadan 
[17]. However, possibly because of adaptations of renal function, the serum uric acid 
concentration is lower in physically active than in sedentary men [17]. Likewise, creatinine 
clearance values for elite rugby union players did not change during Ramadan [40]. 


In contrast, serum in urea, creatinine and uric acid concentrations were all increased 
in one recent study of rugby sevens players when Ramadan occurred in a hot and humid 
summer month [13]. Moreover, an increase in serum creatinine concentration and a 
decrease in creatinine clearance were seen in subjects who performed aerobic exercise 
during Ramadan, whether they trained before or after breaking their fast [1]. Likewise, 
resistance training performed either before or after breaking the fast increased the serum 
creatinine levels of bodybuilders who continued training during Ramadan [7]. 


Glycemia 


The daily fast of Ramadan can induce a progressive drop in blood glucose concentration 
over the course of the day, even in healthy sedentary subjects [41,42]. A greater capacity 
for gluconeogenesis may prevent the drop in blood glucose levels in athletes, even if their 
energy intake is decreased during Ramadan [5,13]. However, in most studies where this has 
been measured, there has been no significant decrease of lean tissue mass over the month 
of intermittent fasting, and thus not much gluconeogenesis from the breakdown of tissue 
protein. Other studies of physically active men [1,6] and recreational bodybuilders [7,14] 
also found no significant change of blood glucose during Ramadan. However, decreased 
blood glucose levels have been seen in those performing more sustained aerobic activities, 
including runners [19,43,44] and participants in team sports (soccer and basketball) [18]. 


Glucose levels are certainly affected by the time of day when blood samples are taken [45]; 
for instance, martial arts practitioners show lower glucose concentrations in the afternoon 
(04:00 PM) that in the morning (09:00 AM) during Ramadan [16]. Such observations suggest 
that an athlete’s ability to complete an intensive physical training session or perform at his 
or her maximum may be compromised by the falling blood glucose concentration during 
the afternoon. Unfortunately, athletes sometimes cannot avoid training during the hours 
of daylight. One useful tactic for such individuals might be to consume foods with a low 
glycemic index at the Sahour meal, in order to prolong the release of sugars into the blood 
stream [46]. 


Little is known regarding possible changes in the action of insulin and other mechanisms 
of glycemic control during Ramadan. Nevertheless, some improvement of regulation might 
be anticipated, since intermittent starvation similar to that experienced in Ramadan can 
increase insulin sensitivity and improve glucose tolerance in both humans and animals [2]. 


Lipid profile 


The lipid profile is an important indicator of cardiovascular health, and it is instructive 
to examine the changes in this profile that develop during the observance of Ramadan. 
Empirical data are conflicting, perhaps because findings are influenced not only by the 
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timing of blood samples and any changes of diet, but also by the initial body fat content, and 
possible changes in physical activity during Ramadan. 


The serum concentration of total cholesterol increased in judokas [12], but not in middle- 
distance runners [25], rugby union players [40], physically active men [6,11] or bodybuilders 
[7,14]. An increase serum High Density Lipoprotein Cholesterol concentration (HDL-C) seen 
in judokas [12] and rugby union players [40] have been attributed to a mobilization of 
body fat stores during Ramadan. Supporting this view is an increase of HDL-C in subjects 
practicing aerobic exercise before breaking their fast [1], and in those undertaking resistance 
training in either a fed or a fasted state [7]. 


Low Density Lipoprotein (LDL) cholesterol concentrations also increase in judokas 
during Ramadan [12], perhaps due to an increased consumption of saturated fatty acids 
[47] associated with altered food choices. 


Chaouachi and co-workers [12] noted that although the serum triglyceride values of 
judokas were increased sixteen days after the beginning of Ramadan, values had returned to 
pre-Ramadan levels towards the end of the month. In contrast, in a group of rugby players, 
Bouhlel and colleagues [40] found increased triglyceride values at the end of Ramadan. 
Others have reported no significant change of triglycerides concentrations during Ramadan 
[1,7,48]. 


The altered feeding behavior seen during Ramadan may increase apolipoprotein Al 
levels, with a resulting increase in protection of the cardiovascular system [12,49]. On the 
other hand, the apolipoprotein B levels in judokas remained unchanged during Ramadan 
[12]. 


Immune markers 


There is as yet only limited information on changes of immune function during Ramadan. 
If a negative energy balance develops, this might depress immune function, but as yet no 
evidence has been seen of such a change. The total leucocyte count of soccer players during 
Ramadan was increased when blood samples were collected in the morning (09:00 AM), but 
was unchanged for subjects whose blood samples were collected the afternoon (01:30 PM) 
[20]. No change in either the total or the differential leucocyte count was seen in judokas 
during Ramadan [50]; however, one problem in interpreting data from these subjects is that 
any tissue trauma sustained during training is likely to induce an inflammatory response, 
with consequent slight increases in immunoglobulin A and immunoglobulin G [50]; this 
makes it difficult to discern the effects of Ramadan alone. Likewise, no changes of total 
leucocytes or leucocyte subsets were seen in Muslims bodybuilders practicing resistance 
training, whether before or after breaking their fast [7]. It is worth emphasizing that in 
the several studies completed to date, all values for immune markers have remained well 
within normal clinical limits. Thus, there is no evidence that the combination of physical 
activity and Ramadan fasting has affected immunocompetence. Nevertheless, further tests 
are needed in long distance events such as marathon and ultra-marathon runs, the type 
of situation where impairment of immune function is most commonly observed even in the 
absence of Ramadan fasting. 


Inflammatory markers 


Findings regarding the effect of training and Ramadan observance upon inflammatory 
markers are inconsistent. C-reactive protein concentrations increased in judokas [50], 
decreased in a sample of soccer players who were tested in the morning [20], and did not 
change in either middle-distance runners [24] or recreational bodybuilders training either 
before or after breaking their fast [7]. Serum transferrin concentrations increased in soccer 
players [20], but did not change in judokas during Ramadan [50]. The prealbumin, albumin, 
haptaglobin and homocysteine concentrations of judokas also remained unchanged during 
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Ramadan [50], and ferritin concentrations remained unchanged in soccer players [20]. 
Although some observers have reported statistically significant changes in inflammatory 
markers values, it must again be emphasized that values have remained within the normal 
laboratory reference range. 


Conclusions 


Athletes who maintain predominantly aerobic-based training during Ramadan may 
expect to see some decrease in their body fat stores. In addition, if training is conducted 
during daylight under hot and humid conditions, changes in hematological and biochemical 
parameters reflect a progressive dehydration and possibly some impairment of renal function. 
However, information obtained to date does not suggest that the immune and inflammatory 
systems are adversely affected by Ramadan. Moreover, changes in hematological and 
biochemical parameters are usually relatively small, with values remaining within the 
normal reference range. The implication seems that intensive physical training can be 
maintained with safety during Ramadan. 


Recent studies have helped in defining optimal tactics to maintain homeostasis 
and conserve or enhance body composition while continuing rigorous training during 
Ramadan. If aerobic training is practiced before the night-time break in fasting, it 
may stimulate lipid mobilization, thus reducing body fat stores and improving the 
lipid profile. However, cumulative dehydration may develop over four weeks of aerobic 
training in a fasted state, so that care must be taken if this training plan is adopted. In 
contrast, it seems that resistance-based training can be performed safely either before 
or after breaking the fast. Lean body mass seems well maintained, and the immune 
and inflammatory systems do not appear to be adversely affected by Ramadan. Mild 
dehydration and an improvement of lipid profile are likely with resistance training, 
whether the exercise is performed in a fed or a fasted state. 
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Introduction 


The observance of Ramadan requires complete abstinence from oral intake of any food 
or any fluid from before dawn to just after sunset on each day throughout the full month of 
Ramadan (29 or 30 days, depending on the Moon Hijri Calendar Year). For trained athletes, 
who are engaged in professional team or endurance sports, the abstinence from fluids intake 
from the early morning hours is a severe challenge to their body and internal organs. In 
many categories of trained athletes, such day-long fasting can lead to adverse effects upon 
their competitive performance [1]. Although some 3000 Muslims participated in the 2012 
London Olympics, there was surprisingly little comment concerning the impact of Ramadan 
fasting; possibly, competitors were helped by the cloudy and relatively mild weather that is 
typical of an English summer, and some may have also benefited from a recent Fatwa that 
offered athletes the option of deferring their fast until they had completed competition. The 
FIFA World Cup competitions in Brazil (June/July 2014) will also coincide with the month 
of Ramadan, and the focus upon a team sport may make this a greater issue in terms of the 
performance and health of the players. 


This chapter looks specifically the hydration status of individuals who observe the 
intermittent fasting required by Ramadan. The maintenance of hydration, particularly by 
long-distance runners and those involved in team sports have to date received surprisingly 
little discussion [2]. 


Effects of Dehydration upon Health and Physical Performance 


A safe level of dehydration is still debated, but losses of 7-8% of body mass (i.e. as much 
as 5 L) can be tolerated in a temperate climate [3], although performance is then sub- 
optimal. Saltin argued that during the performance of sustained aerobic exercise in a hot 
environment (a situation where the water of hydration of glycogen is likely to be mobilized), 
decreases of maximal oxygen intake and cardiac output develop when fluid losses exceeded 
5% of body mass (about 3.5 L) [4]. Armstrong and associates tested the effect of 10-12% 
reduction in plasma volume (produced experimentally by administration of the diuretic 
furosemide). Although subjects sustained a 1.6-2.1% decrease of body mass, their maximal 
oxygen intake remained unchanged. Nevertheless, track times were increased for 1500 m, 
5000 m and 10,000 m events [5]. 


Effects of Ramadan Fasting on Health and Athletic Performance 
Edited by: Dr. Hamdi Chtourou 


117 


Wrestlers who have undergone deliberate dehydration have also shown decrease in 
maximal isometric strength and circulatory function if rehydration has been incomplete 
prior to competition. Performance has been impaired with quite small fluid deficits (2% 
of body mass, perhaps 2L in a heavy wrestler) [6-9]. Likewise, under conditions where 
soccer players are sweating heavily, physical performance and skills have sometimes been 
enhanced by the provision of fluids at half time, although performance gains have been 
slight when correcting fluid losses of up to 2.5% of body mass (1.5 L) [10]; indeed, where 
benefit has been seen, this may have come as much from the glucose as from the water 
content of the beverage that was provided [11,12]. 


Theoretical considerations 


The body normally loses about 2.5 L of water per day, due to the excretion of 1.2-1.5 
L of urine, an “insensible” loss of some O.5 L of water at the skin surface, the addition of 
0.4 L to expired air, and the 150-200 mL of water found in feces of normal consistency. An 
increased secretion of the anti-diuretic hormone and aldosterone can reduce the output of 
urine somewhat if fluids are in short supply, but the fluid intake needed to accommodate 
the minimum urinary flow and losses in the lungs and skin is around 1.5 L/day [13]. In 
exercising athletes, this figure can be substantially boosted by sweat losses of up to 2 L/h. 
Depending upon the humidity of the inspired air, respiratory water losses can also increase 
greatly during exercise. 


Hydration is normally maintained by the ingestion of fluids (at least 1 L/day), the water 
content of food (about 1.2 L/day), and the production of water during the metabolism of food 
(about 0.3 L/day). A significant additional resource is the water of hydration associated with 
glycogen (about 2.7 g/g, or given a total store of 500g some 1.35 L). The total water volume 
includes also water molecules associated with stored glycogen, osmolytes such as sodium 
in the extracellular space and organic osmolytes within cells [14]. As glycogen is broken 
down during prolonged physical activity, the associated water molecules are added to the 
functional water volume. This is a more important variable than the gross body water [15]; 
during vigorous exercise, there can be a decrease of both body mass and total body water, 
but no change in the functional water volume. 


Ramadan may induce some changes of dietary composition, but the total energy intake 
generally shows little change [1], so that the amount of water derived from food and 
its metabolism (1.5 L/day) shows little change; it is in itself almost enough to meet the 
minimum fluid requirements of a sedentary person. Furthermore, it is quite possible for a 
sedentary person to ingest the normal fluid intake of 1 L/day during the hours of refeeding 
[16], leaving 500 mL or more of fluid in the stomach at daybreak. Because the night-time 
intake of fluid is large, many people think (usually erroneously) that their fluid intake has 
increased during Ramadan [17]. Certainly, there seems no fundamental reason why a 
sedentary person should develop a cumulative fluid deficit during the month of Ramadan. 


The fluid requirements of the distance athlete or team competitor are much larger, given 
a tenfold increase of respiratory minute volume and the potential to lose 3-4 L of sweating 
during 2 hours of activity. One laboratory comparison of sedentary middle-aged men with 
their peers who were running an average of 14.8 km/d concluded that the additional fluid 
requirements of the runners were even greater than suggested by respiratory and sweat 
losses [13]. Although they probably derived up to 2 L of functional water from the breakdown 
of glycogen [3], they would likely have incurred a fluid deficit of 1-2 L by the end of a match 
or distance race. 


Empirical Evidence on the Extent of Dehydration during Ramadan 


In theory, observance of Ramadan fasting could cause either a short-term dehydration 
(developing progressively over the course of a day of fasting), or cumulative effects incurred 
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over the month when the daytime ingestion of fluid was prohibited. Methods of examining 
hydration have included studies of body mass, haemoglobin and haematocrit, urinary 
volume and composition. Body mass changes in body mass observed over the course of 
Ramadan (Table 1) could reflect not only a progressive dehydration, but also the breakdown 
of body fat and lean tissue to meet metabolic needs, or (particularly in sedentary individuals) 
a deliberate restriction of food intake in order to reduce body fat content. 


Author Subjects Methodology Changes during Ramadan 

Sedentary individuals 

Aybak et al., [43] 20 non-smoking males Body mass No change in body mass 

Bakhotmah [18] 173 Saudi families Body mass a sae Htc aca ea aca 
Born et al., [44] 12 males Body mass 1.8 kg (2.6%) decrease of body mass 
Fedail et al., [45] 20 males, 4 females Body mass 1.8 kg (2.6%) loss of body mass 


2.4 kg (3.6%) loss of body mass, associated 
loss of subcutaneous fat 


Decreased body mass (M 2.5%, F 3.2%) 
12 sedentary males, Body mass, body fat, and fat, 
9 sedentary females fluid balance chart No significant change of fluid intake or 
urinary output 


Hallack & Nomani [19] 16 male university students Body mass 


Husain et al., [20] 


1.4 kg (2.5%) decrease of body mass, with 


Muazzam & Khaleque [38] 13 male & female Body mass 
some associated decrease of urinary output 


Body mass and serum 


Ramadan et al., [41] 7 sedentary males 1.3% decrease of body mass 


osmolality 
Schmall et al., [46] 27 males Body mass 3.6 kg decrease of body mass 
Siddiqui et al., [47] ia Pakistani Body mass Increase in body mass 
o 
Sweileh et al., [21] 7 males, 1 female Body mass hea Kg COC eeS> OT DOUY MASS) DUAIS: Size 
decrease of body fat 
Decreased body mass (2.6 kg, 3.5%), 
Zebidi et al., [36] 15 males Body mass daytime urinary concentration close to 
maximal 
Active/athletic individuals 
o 
Bigard et al., [25] 11 male fighter pilots Body mass and 2 kg (2.7%) decrease of body mass over 
haematocrit Ramadan 
Fall et al., [48] -O physically: active Body mass No change of body mass 
Senegalese, ?male 
Ramadan et al., [41] 6 active males pody mass and serum 1.4% decrease of body mass 


osmolality 
Stannard & Thompson [49] 10 physically active males Body mass and body fat 0.8% decrease of body mass 


No change of body mass or fluid volumes, 


Chennaoui et al., [22] 8 middle-distance runners Body mass and body fat . 
sweat secretion unchanged 


Meckel et al., [23] 19 junior soccer players Body mass No change of body mass 
Table 1: Changes in body mass during Ramadan observance. 


A decrease in body mass, commonly in the order of 2-3 kg, was seen in 8 of 11 studies 
of sedentary subjects, and 3 of 6 studies of active individuals. However, no change of body 
mass was observed in 1 study of sedentary people and 3 studies of active groups. Two 
sedentary groups actually showed an increase of body mass during and following Ramadan; 
this was attributed to an increased consumption of carbohydrates and fats during Ramadan 
[18], and possibly to group festivities such as large communal meals. 


Even where there was a progressive decrease of body mass during Ramadan, this 
cannot necessarily be attributed to chronic dehydration. In some cases there has been 
documentation of associated fat loss [19-21], and in one study a quite large change of body 
mass occurred without any change in urinary output [20]. The two studies specifically 
concerned with athletes saw no changes of body mass, fluid volumes or sweat rates [22,23]. 
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Haemoglobin and haematocrit 


Changes in haemoglobin and haematocrit provide more reliable evidence of dehydration, 
particularly on a short term basis, but findings must still be interpreted with caution, since 
the overall social environment of Ramadan can create changes in the blood picture even 
among those who do not observe the fast [24]. Unfortunately, few studies about Ramadan 
fasting have included matched control groups. Of 5 haemoglobin and haematocrit studies 
in sedentary individuals, five have indicated no significant change in plasma volume during 
Ramadan fasting. There is only one exception reported, which concerned a group of fighter 
pilots [25], who probably lived a more active life than subjects in the remaining investigations. 
Among the 6 haemoglobin/haematocrit studies of active individuals, 4 found an increase of 
the afternoon readings during Ramadan, suggesting that some dehydration developed over 
the course of the day [26-29]. Bouhlel et al., observed an additional haemoconcentration 
following a rugby match, as might be expected [27], but in the study of Aloui et al., 
haemoconcentration was, surprisingly, not increased by exercise [26]. A group of judoka 
showed no consistent changes of daily water intake over Ramadan, and (probably because 
blood samples were collected in the morning), changes of haematocrit and haemoglobin 
were also inconsistent [30]. Maughan et al., tested some of their subjects in the morning 
and others in the afternoon; perhaps because of changes in the overall community living 
environment during Ramadan they saw decrease in haemoglobin and haematocrit levels in 
both fasting and non-fasting subjects during Ramadan [2,31] (Table 2). 


Author Subjects Methodology Effects of Ramadan 


Sedentary individuals 


Al Hourani et al., [50] 57 healthy females Haematocrit No change of haematocrit 
o 
Bigard et al., [25] 11 male fighter pilots Haematocrit pe Cortada Ol PIRSA VOIUMEONET 
Ramadan 
No significant decrease of plasma 
Chiha [28] 9 sedentary subjects Body mass, body fat and volume at rest or after lab exercise; but 
haematocrit volume of water ingested decreased by 
0.46 L/d 
No significant change of haematocrit, but 
Farshidfar et al., [51] 62 M & F students Haematocrit & haemoglobin decrease of haemoglobin; also decrease 
of body mass 
Furuncuoglu et al., [52] 7males 32 females Body mass, haematocrit and No significant changes (but trend to 


blood chemistry decrease of haematocrit) 
Active/Athletic individuals 


Readings for both haematocrit and 
haemoglobin increased in afternoon 


Aloui et al., [26] 12 active males Haematocrit and haemoglobin f 
during Ramadan, implying decrease of 
plasma volume 
Increase of haematocrit, decrease of 
Body mass, body fat, afternoon plasma volumes both early and 
coerce) alae] 2 male rugby players haematocrit late during Ramadan, similar effect upon 
post-exercise values 
S Variable changes in morning plasma 
Chaouachi et al., [30] 1a malg Poole Hody as booy atang volumes over course of Ramadan (-4% 
Judokus haematocrit A 
to + 4%) 
Increase of haemoglobin at rest and 
post-exercise, non-significant trend to 
Chiha [28] 12 mae gocear Body seems pody tasang increase of haematocrit during Ramadan. 
players haematocrit ; 
Volume of water ingested decreased by 
1.07L/d 
Loss of body mass, no loss of fat; no 
Maughan et al., [53] 79 male soccer Body mass, body fat, significant change in haematocrit but 
players haematocrit puzzling decrease in haemoglobin, 


particularly during 4" week of Ramadan 
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Decrease of haemoglobin and 
Body mass, haemoglobin and haematocrit during Ramadan, seen also 
haematocrit in controls. Study appears to overlap 
with [53] 
Increase of resting haematocrit and 
haemoglobin, with decrease of blood 
Haematocrit, haemoglobin volume but not total body water, 
particularly at beginning of Ramadan; not 
exacerbated by Rugby match. 


55 observant male 
Shireffs and Maughan [31] soccer players, 37 
non-observant 


12 male recreational 


Trabelsi et al., [29] rugby players 


Table 2: Changes of haemoglobin and/or haematocrit during Ramadan. 


Urinary Volumes and Composition 


Most published studies of urinary volumes and composition have involved sedentary 
subjects (Table 3). During Ramadan, there has usually been some decrease of daytime 
urinary volumes, but little [32] or no significant change of urinary output on a 24-hour 
basis [16,20,33-36]. Any overall decrease in urinary volume has been insufficient to have an 
adverse effect on health [37]. One report found daytime urinary concentrations rose close to 
the maximal concentrating ability of the kidneys, but unfortunately this study included no 
data on the osmolality of night urine specimens [36], so that cumulative effects cannot be 
assessed. Another study noted a small decrease in the daily output of urine, although this 
apparently began before there had been a significant change in body mass [38]. 


Some reports have noted substantial decreases of fluid intake during Ramadan 
[28,39]. Nevertheless, there has often been a tendency for an adjustment of fluid balance 
as Ramadan continued, possibly through a combination of altered behavior (particularly 
drinking more at night), a reduction in non-renal water loss [34], and increases in the 
secretion of antidiuretic hormone and aldosterone leading to greater retention of water and 
salt by the kidneys [21,39]. 


Author Sample Method Effects of Ramadan 


Sedentary individuals 


No change in total daily urine volume, 
Urinary volume, osmolality and although during daytime tendency to 


ohean Sr aly [aa] 1o Sagena Malaysidng solute excretion decrease during Ramadan, with more 
concentrated urine 
No significant decrease of plasma volume 
' . Body mass, body fat and at rest or after lab. exercise; but volume 
Sri [26] Seema SubJSCIS haematocrit, water ingestion of water ingested decreased by 0.46 L/d 
(16%) during Ramadan 
., Weekly observations; No significant 
Husain et al., [20] 12 sedentary males Soy, mass. HOR) tak. me change of fluid intake or urinary output 
balance chart 
during Ramadan 
Leiper & Prastowow [34] Sedentary Muslims Isotope tracer NOE NANGA O Yate EOE Ce cleneec! 


non-renal water loss 


57 males aged 30 to 55 yr, 
Miladipour et al., [32] including 37 with recurrent 
calculi 


Urinary volume and urinary 0.16 L/d (10%) decrease of urinary 
composition volume during Ramadan 


2.7% decrease of body mass at beginning 
of 2"? week, recovery by 4" week of 
16 Sedentary Sudanese Body mass, fluid intake, urinary Ramadan; 2 L/d fluid balance deficit at 
men volume and electrolytes beginning of Ramadan, compensated by 
end of month by urinary concentration and 
salt retention 


Mustafa et al., [39] 


7.6% depletion of total body water over 
the day, but made good at night; no 
chronic loss 


20 lactating Gambian Body mass, body fat, urine 


Prentice et al., [16] women volume and osmolality 
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Decrease of body mass and fluids in 
Body mass, body fat, serum first week, with no change of body fat. 


SWPLEN OPAkLAT males heel electrolytes Recovery by end of Ramadan, but water 
intake reduced 0.8 L (36%) 
Waterhouse et al., [35] 20 healthy males Urinary osmotic pressure Peo Tise Or C sone Pressure during 


Ramadan, not seen on control days 
Athletic individuals 


No significant decrease of plasma volume 
Body mass, body fat and at rest or after laboratory exercise, but 


niece! 12- soccer playere haematocrit volume of water ingested decreased by 
1.07 L/d (31%) during Ramadan 
Badr masse Urna anid No change of body mass, but increase of 
Karli et al., [40] 10 power athletes y Da y sp afternoon urinary specific gravity during 
gravity, bio-impedance 
Ramadan. 
2% change of body mass during training 
Bodum eei acemi session, not seen in controls, but no 
Shirreffs et al., [31] 55 junior soccer players y ? Y Chronic effect on body mass or urinary 


and urinary specific gravity specific gravity (some of urine samples 


collected in the morning?) 


Table 3: Urinary volume and composition, fluid balance. 


Two urinary studies of athletes involved soccer players, and the third power athletes 
[40]. There were no chronic changes in body mass [31,40] or plasma volume [28]. During 
Ramadan, the power athletes showed an increase of urinary specific gravity in the afternoon 
samples. This was not seen in the soccer players [31], although apparently the samples were 
collected from some subjects during the morning rather than the afternoon. Sessions of 
soccer training caused a temporary 2% decrease of body mass not seen in the same players 
during control periods when they had free access to fluids [31], and one study also noted a 
substantial 1.07 L/d decrease of water ingestion during Ramadan [28]. 


Other measures of fluid balance during Ramadan 


Other investigators have looked for changes in body impedance and serum electrolyte 
concentrations during Ramadan (Table 4). 


Author Sample Method Effects of Ramadan 
Sedentary individuals 


Body mass, serum osmolarity, Decrease of body mass <1.3% Increased 


Ramadan et al., [41] 7 sedentary Kuwaitis . i , 
serum sodium plasma sodium concentration 


Decrease of fluids in first week, increase 


7 healthy men, 1 healthy Body mass, body fat, serum of plasma sodium, but recovery by end of 


Sweileh et al., [21] Woman electrolytes 


Ramadan 
Athletic individuals 
Karli et al., [40] 10 elite power athletes Toe-to-toe body impedance No change in this measure of total body water 
Ramadan etal, 4 GactveKuwatis EY MS, Serum osmolary, Door ot oaa no sania 
2% change of body mass during exercise, but 
Shirrefis et al., [31] 55 junior soccer players Body mass, serum biochemistry no chronic effect; plasma sodium did not differ 


and urinary specific gravity from controls throughout (but some samples 
collected in the morning?) 


Table 4: Other measures of fluid balance during Ramadan. 


Afternoon foot-to-foot bio-impedance data were obtained on a small group of elite 
power athletes (2 wrestlers, 7 sprinters and 1 thrower) [40]. No significant change was 
seen in this estimate of total body water during Ramadan. However, most studies both of 
sedentary individuals [21,41] and active individuals [41] tended to show increased sodium 
ion concentrations during Ramadan. In the one study where this was not seen (based on 
pre-training evaluations of soccer players), it appears that blood samples were collected on 
some subjects in the morning rather than the afternoon [31]. 
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Conclusions 


Both theoretical considerations and empirical data support the view that the restrictions 
on fluid intake imposed by Ramadan observance have little effect upon sedentary individuals. 
If the fluid intake is increased during the hours of darkness, such individuals show little if 
any evidence of either short-term afternoon dehydration or accumulation of a fluid deficit 
over the course of Ramadan. Even individuals with clinical problems such as repeated 
episodes of urinary calculi do not seem to be adversely affected [42]. 


There have been relatively few studies of fluid balance in athletes, but available data 
support the view that acute fluid deprivation can develop, particularly for competitors 
who engage in sustained periods of aerobic activity. Observations in power athletes [40], 
rugby [27,29] and soccer [28] players all show evidence of afternoon haemoconcentration, 
although in general this has been corrected by ingesting large volumes of fluid during the 
hours of darkness. Further, weight loss seen during training is not duplicated under normal 
conditions [31]. No observations have yet been made on participants in events such as a 
marathon or ultra-marathon run; it seems likely that effects will be greatest in such sports, 
and there is an urgent need to determine the effects upon health and performance in such 
competitions. 


The temporary decrease of blood volume during afternoon competitions seems likely 
to reduce maximal cardiac output, thus impairing both aerobic performance and thermo- 
regulation. A lesser blood flow to the brain could also reduce various aspects of cognitive 
performance, particularly vigilance. Potential tactics to minimize these effects of Ramadan 
include maximizing the night-time intake of fluid, beginning the fast with at least 500 ml. 
of fluid in the stomach, maximizing glycogen stores (with their associated store of bound 
water), remaining in a cool room away from sunlight until the time of competition, and 
possibly wetting the clothing, so that body cooling comes from the drying of the clothing 
rather than sweating. 


Athletes who plan to fast during a period of training or competition should seek 
professional advice to develop a personal strategy to maintain hydration. Those charged with 
the care of athletes should be prepared to offer such advice, and take account of personal 
circumstances, including gender, age, experience, environment and the demands of the 
sport itself [54]. In non-Muslim majority environments, especially in team sports, coaches 
and athletes should be sensitive to the needs of their team-mates who may be fasting and 
abstaining from fluids. Where possible, event organizers should also take account of the needs 
of Muslim athletes when scheduling the dates and timings of sports competitions [55]. 
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Abstract 


The sleep-wake cycle is the most discernible human circadian rhythm. Regulation 
of the sleep-wake state is by the interplay of specialized neurons located in the 
suprachiasmatic nucleus of the lateral hypothalamus in the brainstem. Evidence 
shows that sleep is required to maintain health and psychophysiological functioning 
and therefore sleep is tightly linked to daytime functioning. Ramadan, which involves 
a one-month period of intermittent fasting during daylight hours, is associated with 
alterations sleep. Specifically, eating and drinking, as well as social and physical 
activities are delayed into the night which promotes a delay in bedtime, reductions 
in total sleep time and sleep quality during Ramadan. These changes, although not 
ubiquitous, have consequences on daytime functioning, including reduced alertness, 
impaired psychomotor performance, mood disturbances, and increased for injury (e.g. 
car crash). For athletes, these lifestyle changes combined with partial sleep loss can 
negatively influence sports performance. Evidence shows a link between partial sleep 
loss and increased reaction times, reduced alertness and limitations on components 
of both aerobic and anaerobic performance. Moreover, the timing of peak physical 
functioning may be delayed. Although, the observance of Ramadan carries religious 
significance, the ability for athletes (and general population alike), to schedule adequate 
time for sleep is important. In most cases, sleep loss during Ramadan is self-imposed, 
and therefore a modifiable risk-factor for daytime consequences. Thus, sleep education 
in combination with behavioral management of sleep problems can positively influence 
human health and performance. 


Circadian Rhythms 


The cycling of day ad night, caused by the earth’s rotation around its axes, has far 
reaching effects on our physiology. Regular fluctuations of biological processes in function 
of time are a fundamental characteristic of life, from unicellular to complex organisms such 
as humans. Biological function that fluctuates with a period of about 24 hours is referred to 
as a circadian rhythm, and thus chronobiology is therefore the study of circadian rhythms. 
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There are a myriad of circadian rhythms, though core body temperature and the sleep- 
wake cycle are most clearly understood [1]. Both internal and external factors influence 
circadian rhythms. Studies have shown that when an individual is completely removed 
from time cues of the outside environment (exogenous components), many biological 
markers still fluctuate with a period of about 24 hours [2]. These results indicate that 
there are internal (endogenous) components that regulate circadian rhythms. Indeed, the 
Suprachiasmatic Nucleus (SCN) serves as the master clock to control all circadian rhythms, 
including temperature control, regulation of the pineal gland and melatonin secretion, food 
intake and the sleep-wake cycle [3,4]. The SCN is located within the hypothalamus and is 
comprised of approximately 20,000 specialized neurons. The electrical activity of the SCN is 
primarily driven and synchronized by light via the retino-hypothalamic axis which involves 
both afferent fibers from ganglion cells of the retina and efferent fibers projected to the 
nuclei of the periventricular zone to control various other rhythms. The circadian clock also 
has a molecular oscillator which consists of several genes, among them CLOCK, BMAL1, 
Period (Per 1, Per2, Per3), and Cryptochrome (Cry1 and Cry2), which interact to form a retro 
negative loop which last about 24 hours [5]. 


To perform optimally during physical activity, many physiological and psychomotor 
factors are involved. Each of these factors is likely to show specific time-of-day fluctuations 
and the optimal state to reach performances is expected when most of these factors are 
synchronized and on the positive phase of their sinusoids [6]. Core body temperature, 
a key circadian rhythm, has a minimum, or nadir, between 04:00 -06:00 AM and a 
maximum, or acrophase, between 04:00 —- 06:00 PM. Muscular efficiency, joint stiffness, 
and flexibility, and pain thresholds are known to peak near the acrophase. Cardio 
vascular function, ventilator capacity, and recovery from aerobic exercise are at their 
lowest capacity between 02:00 and 05:00 AM. Within the body, metabolism and humoral 
regulation (insulin, glucagon, growth hormone, cortisol, prolactin, etc.) are also linked to 
different phases of the circadian rhythm [1]. For instance, higher serum levels of growth 
hormone occur around midnight, during the first period of deep sleep [7]. In addition, 
biological processes involved in the adaptation to physical stress, such as the amount 
of water and electrolyte in the body, plasma volume, fluid distribution, and perspiration 
threshold, show a wide range of acrophase [8]. As a result of these fluctuating biological 
rhythms, optimum physical efficiency is observed in the late afternoon or early evening. 
Indeed, it is at this time that many athletes reach their best sports performances [6]. In 
contrast, it is usually at the early morning, around 04:00 AM, that mental acuity and 
physical performances are worst. 


Individual differences in circadian rhythms are well known [9]. Generally, there are two 
types of individual circadian preference, or chronotypes: morning- and evening- type [10]. 
Morning types tend to go to bed earlier in the evening and wake up earlier in the morning. 
Besides sleep; all other biological rhythms are also in advanced phase. This internal state 
dictates that morning types are more effective earlier during the daytime. In contrast, 
evening types usually fall asleep and wake up late, and their biological rhythms are in 
delayed phase. Optimal functioning occurs later in the afternoon among evening types. 
Finally, an individual may be considered neither morning- nor evening type, and thus has 
a more flexible circadian rhythm system. 


The sleep-wake rhythm 


The human sleep-wake rhythm is among one of the most extensively studied circadian 
rhythms [9,11,12]. Schematically, the propensity to sleep is regulated by two mechanisms: 
a circadian process (C) and a homeostatic process (S). Process C helps to organize the 
timing of sleep at night and is tightly controlled by the body’s “master clock”, located in the 
SCN [9]. The fundamental adaptive advantage of a temporal organization is that it allows 
for predictive, rather than reactive, homeostatic regulation of sleep. For example, several 
hours before the end of sleep, sympathetic autonomic tone and plasma cortisol levels rise 
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in anticipation of energetic demands for wakefulness. Process S is an accumulative process 
that originates at awaking and whose evolution depends on the duration and the quality of 
prior wakefulness. In other words, the homeostatic drive for sleep increases as wakefulness 
continues and decreases after sleep in proportion to sleep duration [13]. Research shows 
that the accumulation of adenosine at the neuronal synapse during wakefulness and as 
a result of active metabolism may mediate sleepiness [14-18]. The action of adenosine is 
mediated by cytokines such as Interleukins 1 and 6 (IL-1 and IL-6) and Tumor Necrosis 
Factor a (TNFa) which are sleep inducers [19]. 


To illustrate the interplay between the circadian and homeostatic regulation of sleep, 
Borbely et al., [13] established the “two-opponent process” model to which [20] added a high 
threshold for sleep and awakening (Figure 1). This model predicts both the quantity and 
the quality of sleep. During wakefulness the strength of process S, the homeostatic drive for 
sleep, increases. As Process C fluctuates in time, episodes of sleep shown by grey shading, 
occurs when the circadian regulation decreases. At that time the difference between the 
two processes increases and the sleep drive also increases. In other terms, this difference 
reflects the strength of the sleep need. 





7 32 #9 a oF 13 #19 OF OF 
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Figure 1: Two-opponent process model of sleep regulation [20]. 


Strength of circadian drive H and L. H: high circadian threshold of the falling asleep; L: 
low circadian threshold of the awakening; S: strength of homeostatic drive. The grey zones 
indicate the periods of sleep. 


Notably, sleep is a periodic and immediately reversible suspension of wakefulness. 
Changes between wakefulness and sleep occur in the hypothalamus by means of the “flip- 
flop switch” [21]. The change from wakefulness to sleep (or sleep to wakefulness) depends on 
the activity and interplay of surrounding neurons (Figure 2). The neurons of the Ventrolateral 
Preoptic Nucleus (VLPO) are sleep promoters and their inhibition causes insomnia and 
sleep fragmentation. Alternatively, activity with in the Tuberomammillary Nuclei (TMN), the 
Locus Coeruleus (LC) and the dorsal median raphe nuclei (raphe) promote arousal and 
wakefulness. At any given moment, brain wave activity within a group of neurons increases 
the “pressure” of the system, and the balance quickly switches from arousal to sleep or 
vice-versa. In addition, the orexin neurons of the lateral hypothalamus exert a constant 
pressure which stabilizes the system and prevents too many switches, thereby reinforces 
the circadian and homeostatic modulation exerted on the two sides of the balance [21]. 
Similar mechanisms have been proposed to explain the rapid switching from SWS to REM 
sleep [22]. 
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Figure 2: The ‘flip-flop’ sleep-wake switch mechanism. Neurons of The Ventrolateral Preoptic Nucleus (VLPO) are activated 
under the pressure of both homeostatic and circadian signals. 


The VLPO neurons inhibit the one of the tubero-mamillary nucleus, the Locus Coeruleus 
(LC) and the raphe which is part of the arousal system. The balance switches on the side of 
awake systems when the circadian “alerting” signal is reinforced. The change occurs quickly 
because of the inhibitory action on the VLPO neurons. The lateral hypothalamic orexin 
neurons likely play a stabilizing role for the switch [21]. 


Physiological Characteristics of Wakefulness and Sleep 


Sleep is characterized by an active physiological process that is tightly linked to daytime 
function. Electroencephalography (EEG) technology has provided researchers with a method 
to measure the electrical activity of the brain during both wakefulness and sleep [23,24]. In 
general, there are four physiological EEG rhythms (alpha, beta, theta, and delta), defined by 
their frequency (in cycles per second, Hz), amplitude (microvolts) and morphological shape 
that are used to distinguish between wakefulness and sleep. 


Wakefulness is characterized by rapid, beta (13-30 Hz) and alpha (8-13 Hz) EEG activity 
associated with the persistence of postural tone and responses to external stimuli. Compared 
to wakefulness, there is a progressive slowing of the EEG activity during the four distinct 
stages of sleep; three stages of Non-Rapid Eye Movement (NREM) sleep and one stage of 
Rapid Eye Movement (REM) sleep [24]. NREM Stage 1 (~5% of total sleep time, TST) consists 
predominately of theta waves (3-8 Hz) and a reduction in muscle activity. NREM Stage 2 
(~50% of TST) is characterized by the presence of the K-complex, sleeps spindles, or both, 
and includes background theta activity. NREM Stage 3 (~20% of TST), is considered “deep 
sleep” and is characterized by slow waves or delta activity (0.5-2 Hz), very low muscle tone 
and the absence of eye movements. In NREM stage 3, the threshold for arousal by auditory 
stimuli is lowest, whereas in other stages of NREM sleep. Finally, REM sleep (~20% of TST) 
is characterized by low voltage mixed frequency EEG patterns, rapid eye movements and 
complete muscle atonia. The combination of a period of NREM sleep followed by a period of 
REM sleep is defined as a sleep cycle. In adults, each night of sleep consists of 4 to 6 sleep 
cycles of about 90 minutes each [25]. 


Sleep is required to maintain health and achieve optimal psychophysiological performance 
epidemiological and experimental research suggests that between 7-8 hours of sleep on 
average is required for optimal health and performance in adults [26-28]. Though, the 
length and the number of sleep cycles are genetically determined and therefore explain why 
some people are “long sleepers”, who need to sleep 9 hours or more, and others are “short 
sleepers” who need to sleep less than 7 hours or less per 24 h period. In addition, the sleep 
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need of athletes remains poorly understood, though it is a general consensus that athletes 
require the same or more sleep than sedentary counterparts [29-31]. 


Ramadan as Circadian Modulator 


During the month of Ramadan, Muslims abstain from eating and drinking from dawn 
to sunset. For approximately one month, eating behaviors change from three balanced, 
daily meals to two nocturnal meals. This eating pattern plus more activity at night modifies 
the metabolic profile of fasting subjects, and as a consequence, impacts on core body 
temperature and sleep. In addition, when Ramadan occurs in the summer months, the 
fasting period is much longer (than winter) and therefore more lifestyle disturbances are 
presented. Indeed, summer daylight fasting could vary from 15 h a day in Middle East to 18- 
20 h for Northern European countries. Thus, the physiological and metabolic disturbances 
related to Ramadan are greater in countries with higher latitude. 


Circadian Rhythm and Daytime Disturbances during Ramadan 


Several studies have shown that chronobiology is affected by Ramadan intermittent 
fasting [32,33]. The amplitude of body temperature and cortisol secretion is decreased and 
a phase delay of 2 hours of their acrophase has been observed during Ramadan [34,35]. 
Rocky et al., [36] also showed that the amplitude of the melatonin circadian rhythm is 
decreased during Ramadan. Notably, melatonin is a primary neurohormone involved in the 
regulation of the sleep-wake cycle mostly indirectly via changes in core body temperature 
[37]. During Ramadan, researchers have demonstrated an increase in body temperature 
during the night which was attributed to sleep disturbances [38,39]. Interestingly, increased 
locomotors activity during fasting can modulate the circadian release of orexin and therefore 
may change the flip-flop mechanism of sleep, eliciting sleepiness [40], which can have 
serious health and safety consequences during the daytime. 


Research shows that mental alertness declines during Ramadan. In healthy subjects, 
Roky et al., [32] demonstrated that subjective alertness decreased at 9:00 and 16:00 h 
(fasting state) and increased at 23:00 h (feeding state). In another study, daytime alertness 
progressively decreased during the four weeks of Ramadan [41]. Notably, most Muslim 
countries reduce the administrative working hours and keep professional duties to a 
minimum; however this still forces fasting workers to be awake and alert during part of the 
daytime. This requirement for alertness during the daytime combined with reduced time for 
sleep at night (discussed in more detail below), must therefore be taken into consideration 
of both daytime performance and general health and safety concerns during Ramadan. 


Indeed, daytime sleepiness increases during Ramadan among those who fast. Using 
the iterative EEG-based Multiple Sleep Latency Test (MSLT), daytime sleepiness increased 
between 14:00 and 16:00 h during Ramadan in fasting subjects [42]. Daytime sleepiness has 
substantial impact on sleep behaviour during the daytime. For example, the prevalence of 
napping was nearly 3 times greater in healthy subjects during Ramadan, though normalized 
to normal behaviour 15 days after Ramadan [43]. 


Daytime sleepiness, or better yet drowsiness, can have serious health consequences 
during Ramadan. Drowsiness is a significant risk factor for traffic accidents. A study 
conducted in the United Arab Emirates showed that emergency admissions due to accidents 
increased during Ramadan [44]. Similar results were obtained in Saudi Arabia [45] and 
even in London, UK [46]. Nevertheless, contradictory results from Jordan and Morocco 
demonstrate a reduced rate of driving accidents [47,48]. Given the differences in populations 
and geographic regions studied, it is likely that cultural difference (i.e., whether or not both 
sexes drive, whether the accident rate varied according to ethnicity) can account for some of 
the variance between results. Moreover, assessing the status of vigilance/drowsiness from 
hospital emergency admissions or road accidents statistics provides some trends but is not 
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ideal. Prospective studies about vigilance and cognitive function should be conducted in 
fasters to provide more accurate results. 


Sleep Disturbances during Ramadan 


It is clear that Ramadan greatly influences the sleep-wake pattern. Research shows 
that Ramadan leads to reduced sleep quality and recurrent sleep loss, but not total sleep 
deprivation per se [33]. In addition, the negative impact of recurrent sleep deprivation is 
larger as the number of restricted-sleep nights’ increase. 


Early studies on sleep during Ramadan were based on the analysis of sleep diaries and 
have demonstrated major changes in sleep quantity and quality. For example, a general 
delay in sleep time and a substantial reduction in sleep duration have been reported [50,51]. 
Indeed, it is a usual fact that fasting Muslims delay their bed time to stay awake and have 
more opportunities for eating, drinking, and socializing during dark hours. Moreover, night 
time is usually accompanied with religious prayers and events which sometimes drastically 
delay bed time. 


More objective data further demonstrates substantial sleep disturbances among fasting 
subjects during Ramadan. Rocky et al., [32] monitored the sleep of eight healthy Moroccan 
volunteers in a laboratory using the gold-standard procedure of polysomnography and 
demonstrated that Ramadan affects the distribution of sleep stages, the magnitude of 
daytime sleepiness, and core body temperature. In particular, sleep latency increased 
from 19.2 minutes before Ramadan to 58.1 min on average during Ramadan. Total sleep 
time decreased from 422 min to 383 min, before and during Ramadan respectively [36]. 
The quality of sleep was also decreased as evidence by changes in sleep architecture. 
The proportion of NREM stage 2 sleep was increased (50.2% vs. 55% before and during 
Ramadan, respectively) while REM sleep slightly decreased (22.7% vs. 19.4% before and 
during Ramadan, respectively). In addition, participants self-reported a general 1 h delay in 
bed time. These changes in sleep pattern were associated with an increased nocturnal body 
temperature, in part due to the later meal times as fasters keep on eating and snacking all 
along the dark hours [36]. 


A subsequent study involved Saudi students who were monitored using ambulatory 
sleep recordings. The results showed in fasting subjects that, on the one hand there was 
a shift from morning chronotype to evening chronotype, on the other hand, there was a 
significant reduction in sleep latency and REM sleep during the third week of Ramadan. 
No significant differences in sleep architecture were reported. Recently, [41] investigated 
the sleep of 20 healthy subjects using sleep diaries for 6 weeks before, during, and after 
Ramadan. The results showed that sleep latency increased, the total sleep time during the 
night was reduced, and the number and duration of intra-sleep awakenings were increased. 
Moreover, the diurnal sleep time was significantly increased. In other words, the fasting 
subjects adopted a polyphasic sleep profile and distributed their sleep over the nychtemeron, 
or 24 h period, which included long periods of sleep during the day and at night. There 
was also a clear “weekend” effect during Ramadan with a significant increase of sleep time 
during these days by comparison with the other days of the week. Interestingly, the sleep 
patterns of non-fasting adults living in Muslim majority countries are similarly disturbed 
during Ramadan, which suggest that other factors than just fasting play an important role 
in modifying sleep behavior during Ramadan [52]. These factors are likely related to the 
social and spiritual events and activities held at night time, as well as the change in work 
and retail hours. 


Finally, in contrast to these findings, researchers also reported that total nocturnal sleep 
time did not change during Ramadan, and that even the 24 h total sleep opportunity (sleep 
+ nap time) was longer during Ramadan compared to pre-Ramadan baseline measures 
[53]. Thus, it is apparent that differences in cultures, geographic locations (e.g. sun rise 
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and sunset times), and employment status, likely play a role in moderating the influence of 
Ramadan on sleep. 


Sleep in athletes during Ramadan 


Given the high physical and mental demands placed on athletes, researchers have studied 
the association between sleep loss and aspects of sports performance [54]. As reported 
in the general population, sleep loss in athletes during Ramadan more closely resembles 
recurrent sleep loss in the form of partial sleep deprivation and not total sleep loss per se. 


Sleep in athletes during Ramadan has been investigated using subjective questionnaires 
and not objective measurement. The majority of reported findings demonstrated a reduced 
quantity of sleep (Table 1) [29] and a delay in bedtime. For example, sleep duration 
decreased during Ramadan by ~60 min in football players undertaking their usual training 
and match schedule [55], by ~88 min in middle-distance athletes [56], and by ~30 min 
in another group of football players [57]. In accordance with the latter, Moroccan football 
players’ sleep duration decreased by half an hour with sleep time being delayed by ~3 h, 
inducing a significant decrease of subjective sleep quality [29,58]. In addition, Herrera [59] 
showed in another group of football players from Qatar that the average total pre-Ramadan 
sleep time was quite low (6.5 hours) and that it was further and significantly reduced at the 
end of Ramadan (5.5 hours). These findings suggest there may be cultural differences in the 
amount of habitual sleep, or in this case a large sleep debt, and therefore potential for sleep 
improvement to optimize recovery and performance. 


























Stud nen Pe Total sleep time Total sleep time Average change in total sleep time 
y p before Ramadan during Ramadan |& quality 

Zerguini et al., 2008 [57] 55 football players 8.4h 8.2 h -30 min; reduced sleep quality 

Leiper et al., 2008 [55] 54 football players | (not available) (not available) -60 min; no change in sleep quality 

Meckel et al., 2008 [60] 19 football players 8.6 h 8.6h ae HO-CNANGS SICeP 

Chennaoui et al., 2009 [56] |8 runners 7.3h 5.8 -88 min; no change in sleep quality 

Karli et al., 2007 [61] 10 power athletes 8.3h 9.2h No significant changes 

Herrera 2012 [59] 9 football players |6.5 h 5.5 h -60 min; no change in sleep quality 




















Table 1: Influence of Ramadan on subjective sleep quantity and quality in athletes [29]. 


Nevertheless, other studies reported no significant change in sleep duration among 
adolescent football players [60] or power athletes [61]. Such discrepancy in the literature 
is likely due to differences in study populations (adult vs. youth athletes), different study 
questionnaires, or to potentially unidentified cultural differences; for example, some but not 
all people in a Muslim country will completely invert the day and night. 


The relationship between the timing of training and competition sessions with performance 
during Ramadan has also been investigated. Both Roky et al., [29] and Chamari et al., [62], 
reported that football players did not go to bed before 3:00 AM due to late evening training 
sessions and sohoor consumption. Chamari et al., [62] further demonstrated an increased 
rate of musculo-tendinous injuries in the players. Interestingly, the increased rate of injuries 
was observed in both fasting and non-fasting players, although there were significantly 
more injuries in the fasting players. A separate study found no change in injury rates among 
Muslim football players during Ramadan; however non-Muslims in fact had an increased 
rate of injuries during Ramadan [63]. Taken together, we can speculate that the changes in 
sleep pattern were therefore likely due to the accompanying “style” or cultural observance of 
Ramadan which are known to be somewhat variable between Muslim countries. 


Finally, research suggests that the changes in core body temperature directly influence 
the changes in sleep during Ramadan. Given that sleep onset is triggered by a rapid decrease 
in core temperature, with the maximum rate of its’ decline being observed 60 min before 
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sleep onset [64], it has been suggested that the delayed bed time and related decreased total 
sleep time observed during Ramadan could be due to the delay in the decline in core body 
temperature [42]. During Ramadan, meals are only consumed at night and most training 
and competition sessions occur later in the night compared to before Ramadan. This delay 
of activity likely delays the thermogenic effect of physical activity on body temperature and 
therefore interrupts sleep [42]. 


General effects of sleep loss on physical performance 


In the general society, individuals are increasingly experiencing partial sleep deprivation 
due to self-imposed late bedtimes (e.g. due to social interactions or sports competition), 
early morning awakenings, or due to frequent travel (e.g. jet-lag). Total sleep deprivation on 
the other hand, is not a common societal issue besides certain population segments (i.e., 
military, shift-workers, ultra endurance sport events). Nonetheless, research into the effects 
of both partial and total sleep deprivation has provided key insights regarding that role that 
sleep has in health and performance. 


In an early study by Reilly and Piercy [65], researchers investigated the effects of 
restricting sleep to only 3 hours per night over 3 consecutive days. This resulted in a 
decrease in maximal bench press, leg press, and dead lifts, whereas bicep curls did not 
show any alteration compared to a normal sleep condition. More recently, researchers have 
studied the effects of end-of-night partial sleep deprivation (i.e. waking up at 3:00 instead 
of 6:00 AM) on physical performance in the afternoon. Among the 21 judokas, acute, partial 
sleep deprivation negatively affected peak and mean power output measured during the 30 
sec all-out cycle Wingate test, whereas hand grip strength remained unaltered compared to 
normal sleeping conditions [66]. In the same study, ratings of perceived exertion at the end 
of the Wingate test were marginally increased after the end of night partial sleep deprived 
night. The authors therefore suggested that the reduction in muscle power measured 
during the Wingate tests after sleep deprivation could be due to psychological factors 
such as motivation. Indeed, since the Wingate test requires a strong level of motivation 
[67], a potentially lower level of motivation could in part be the cause of the lower Wingate 
performance after partial sleep deprivation. The authors also speculated that the subjects 
could have adopted a working pacing strategy in order to distribute effort throughout the 30 
sec time span, evidencing a relative “mental fatigue” that could have led to lower muscular 
power performance. Indeed, Jarraya et al., [68] demonstrated that partial sleep deprivation 
impairs reaction time and attention in handball goalkeepers. 


In another study by the same group [69] measured physical and mental performance of 
12 judokas (average, 19 years) after partial sleep deprivation in a more complex protocol. 
This study involved two conditions of partial sleep deprivation: beginning of the night and 
end of the night sleep deprivation were compared to a control, normal sleep condition. The 
results showed that 4 h of sleep deprivation, either at the beginning or at the end of the 
night, blunted the afternoon (16:00 h) increase of muscular power compared to morning 
session (9:00 h) that was observed after the normal sleep condition. Notably, the end-of- 
night sleep loss resulted in a more detrimental reduction in afternoon performance than the 
beginning of night sleep deprivation. Post-competition RPE was also significantly higher in 
the afternoon (16:00 h) after the end-of-night sleep deprivation, confirming that early rising 
is detrimental to the perceived effort, probably contributing to the decreased muscular 
power measured during the Wingate test [70]. 


Another more recent study [71] showed that 4 h of sleep deprivation either at the beginning 
or at the end the night did not alter the intermittent endurance performance of Taekwondo 
athletes. Athletes were tested in randomized order after a normal sleep condition (sleeping 
between 22:30 and 23:30 until 6:00 AM), a beginning of night sleep deprivation condition 
(e.g. 4 h later bedtime but same wake time 6:00 AM), and an end of night sleep deprivation 
condition (same bedtime but 3:00 AM wake time). Performance on the Y Y, intermittent 
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recovery test level 1, performed between 7:00 and 8:00 AM was not altered; neither were 
HR, post exercise Lactate and RPE, by either condition. The authors highlighted that the 
Y Y, test is composed of repeated short 40 m shuttles (2x20 m) with 10 sec of recovery in- 
between, thus solicits the anaerobic energy pathway in a relatively high proportion, and 
therefore they concluded that anaerobic effort performed in the morning is not altered by 
the previous night partial sleep deprivation as shown by Souissi et al., [69]. 


Several methodological factors could explain some discrepancies between studies. 
Not only can the level of expertise and sport specialty of athletes impact on performance 
tests [54], but also an individual’s chronotype type can affect performance [72]. Usually 
chronobiological studies assess the morningness — eveninigness type of the subjects and 
exclude the ones who are not comfortable with the study design (i.e., excluding evening 
type subjects for early morning testing sessions). Anecdotally, it is known that evening type 
subjects are reluctant to perform in the morning, and vice versa for morning type athletes. 
This has to be considered when interpreting chronobiological studies that test athletes’ 
performance. Moreover, differences in study results could be due to the fact that some 
but not all subjects are routinely practicing morning and/or evening training sessions, 
which may reduce the time-of-day impact on muscle strength and power. This “morning 
trainability” may positively impact on the early day testing sessions allowing them to achieve 
“normal” performance measures compared to reference normal-sleep night conditions 
[73,74]. Finally, fitness level might influence the results since the performance of untrained 
subjects is more affected by time-of-day factors than for fit athletes [75]. 


In contrast to partial sleep loss, the negative impact of total sleep deprivation is quite 
marked after 24 hours of continued wakefulness. For example, Bulbulian et al., [76] reported 
that periods exceeding 24 h of continuous awakening impacted negatively on peak torques 
of the knee extensors and flexors in trained men assessed at 30 h of sleep deprivation. 
This study also showed that a longer period of continuous awakening, i.e., 64 h, had a 
significant negative impact on vertical jump height and isokinetic knee extension strength, 
but measures such as isometric strength and 40 m sprint time were unaltered, as was 
shown earlier [77]. Conversely, other researchers did not find an effect of sleep deprivation 
on short-term power (e.g. anaerobic) exercises. Indeed, Blumert et al., [78] demonstrated 
that college student athletes’ weight lifting performance subsequent to 24 hours of sleep 
deprivation was not different to a “normal sleep” condition. Thus, the effects of sleep 
deprivation on muscle function are modest until at least 24 hours of wakefulness. 


In relation to endurance type performance (e.g. aerobic), sleep deprivation significantly 
and negatively impacted running distance over half an hour [79]. Skein et al., [80] also showed 
that 30 h of sleep deprivation reduced endurance and intermittent sprint performances. In 
this study, each session included a 30 min graded exercise run and a protocol comprising 
50 min intermittent-sprint exercise (15 m maximal sprint every minute). The authors 
concluded that sleep loss and the associated reductions in muscle glycogen and perceptual 
stress, reduced sprint performance and slowed pacing strategies during intermittent-sprint 
exercise for the studied male team-sport athletes. 


Conclusion 


Chronobiology refers to the study of biological functions which vary according to the 
cycle of day and night. Core body temperature and the sleep-wake cycle are closely linked 
to daytime mental and physical performance. Ramadan intermittent fasting and increased 
nocturnal activity induces several chronobiological changes which disturbs sleep and 
affects daytime performance. In particular, sleep loss during Ramadan negatively impacts 
on health, safety and also post-exercise physical recovery, which then can reduce physical 
and mental performance. Given that sleep loss is often self-imposed, and therefore a 
modifiable factor, monitoring for sleep disturbances and provision of sleep health education 
can positively influence daily life and optimize daytime performance. 
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Abstract 


Ramadan fasting is annually observed by Muslims all over the world. This religious tenet 
involves a full abstinence from both food and fluid ingestion from dawn to sunset. This 
limitation of energy intake to the hours of darkness usually disrupts the normal sleeping 
and activity pattern of fasters, which could negatively affect sport performance. Scientific 
literature presents conflicting results concerning the effect of Ramadan observance on sport 
performance. In this context, performance during brief (e.g., squat jump, countermovement 
jump, maximal voluntary contraction) or very short-duration (e.g., 5-m sprint, 10-m sprint, 
20-m sprint) maximal exercises is generally maintained during Ramadan. However, single 
or repetitive short-term maximal efforts (e.g., Wingate test) and long-duration exercises are 
generally affected by Ramadan even though some studies did not show any significant 
change. Furthermore, Muslim athletes continue to train and compete during daylight hours 
while observing the Ramadan fast, which may present a challenge for them. Indeed, they 
are not able to consume nutrients and fluids to recover during daylight competitions or 
training sessions. Even though in the majority of Muslim-countries some competitions and 
sport events take place after sunset during Ramadan, this solution is not applicable in non- 
Muslim countries or in international events where timetables are sometimes dictated by 
television schedules, and where the majority of athletes are non-Muslims. 


This chapter will focus on the impact of Ramadan observance on sport performance 
and the possible underlying mechanisms of the performance decrement observed in this 
month in some studies. In addition, some strategies to cope with the daytime fast and sport 
participation will be presented. 


Keywords: Athletes; Fasting; Muslims; Performance; Ramadan; Sport 
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Introduction 


Ramadan is a holy month during which devoted Muslims refrain from eating, drinking, 
smoking, and having sexual relations from dawn to sunset. Fasting during Ramadan is 
the fourth pillar of Islam. It concerns every healthy Muslim since he experiences puberty. 
Muslim adults who are ill, travelling (distance dictated by Islamic rules), pregnant, diabetic 
(according to doctor’s advice) or going through menstrual bleeding are not allowed to fast. 


Ramadan lasts from 29 to 30 days based on the detection of the crescent moon. Also, 
this month advances by ~11 days each year with respect to the Gregorian calendar and can 
therefore occur during any season. Consequently, the effects of daytime fasting are strongly 
influenced by climatic conditions as Ramadan occurring in summer at high altitudes 
presents very different features compared with Ramadan in winter at lower altitudes. The 
fast duration doesn’t only depend on the geographical location, but also on the season 
of the year. In other words, it can be as long as 18-h a day in the summer of temperate 
regions. In some other countries located more to the poles, the fast duration could be longer, 
representing a real challenge for fasters. 


Each day before dawn, Muslims observe a pre-fast meal called sahour and fast until 
sunset. The fast-breaking meal is known as iftar. Then, unlimited food intake and hydration 
are allowed till dawn. The obligation to eat only within a short overnight span leads to 
several behavioral changes in sleep, eating schedule, and meal times [1]. Indeed, sleep 
time is delayed and sleep duration is shortened because Muslims continue to consume 
foods till late hours at night. Most studies showed that changes in sleep habits and food 
and fluid intakes caused at least some aspects of sport performance to deteriorate in 
Ramadan [2]. In this context, several studies have assessed the impact of Ramadan fasting 
upon sport performance and presented conflicting results. While some studies reported 
slight decrement or non-significant effect [3,4], others showed significant impairment in 
performance during Ramadan [5-7]. For instance, sprint time [8], vertical jump height [6,9], 
muscle power [5,7,10], and performance during endurance exercises [5,8,9,11] were lower 
during Ramadan compared with the out-of Ramadan control period. 


The exact underlying mechanisms responsible for these discrepancies are not well 
established. However, they could be attributed to different lengths of periods of food and 
water deprivation, different performance test protocols, failing to purge masking and 
exacerbating factors [12], the timing of experimental sessions, environmental conditions, 
training status, and age of the subjects [13]. 


One of the challenging aspects of Ramadan scientific studies also lies in the “control 
situation”. Ideally, the control situation should be the near out-of-Ramadan period (pre- 
and post-Ramadan), and a non-fasting paired control group. Obtaining such a group is 
somewhat sensitive, as it is not possible for researchers to ask Muslims “not to fast” just 
for the need of any scientific study. Therefore, most studies just compare the Ramadan 
variables to near out-of Ramadan control ones. This, of course, pauses a methodological 
problem as the same subjects serve as their own controls, but they have been assessed at 
different moments with pre- and post- Ramadan assessments being usually interspersed 
by two months. Moreover, finding a naturally non-fasting sample in Muslim-majority 
countries or, inversely, finding a fasting sample in non-Muslim-majority countries is also a 
challenging for researchers. Therefore, among the other variables that could influence the 
Ramadan-studies’ outcomes, as the timing and location of Ramadan, the local life-style and 
eating habits among others. Also, the absence of control group has to be considered when 
interpreting the presented results. 


As sport competitions and training are held during Ramadan, e.g., the last London 2012 
Olympics and the upcoming FIFA 2014 world cup, the number of studies that examine 
the effect of Ramadan upon athletic performance is increasing. The various investigations 
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aimed to identify factors responsible for possible performance decrement during Ramadan 
and to present strategies to maintain fitness and performance during Ramadan. 


In view of the previous considerations, this chapter aims to review the current state of 
knowledge about the effect of Ramadan fasting on sport performance and the underlying 
mechanisms responsible for the performance decrement that are reported by some studies. 
In addition, some strategies to cope with challenges imposed by daytime fasting will be 
presented. 


Effect of Ramadan Observance on Sport Performance 


Ramadan fasting displacement in energy intake and hydration to the hours of darkness 
partly reverses the normal circadian pattern of eating and drinking [2]. Furthermore, if the 
period of daytime fasting is fractured by some naps, the normal sleep-wakefulness cycle 
associated with the solar day will be drastically disrupted [14]. Also, the large meal in the 
evening is likely to hinder sleep onset [2]. Accumulated sleep-loss has negative impacts on 
cognitive function, mood, daytime sleepiness, and performance [15]. 


Generally, the behavioral changes that characterize Ramadan are associated with some 
alterations in the metabolic, physiological, and psychological variables of an individual, and 
could potentially decrease sport performance [2]. 


Studies that have examined the effect of Ramadan observance on sport performance 
presented conflicting results (Table 1). In fact, performance during brief or very short- 
duration exercises is generally maintained, while single or repetitive short-term maximal 
or long-duration efforts are reported to be impaired during Ramadan in comparison with 
before Ramadan mainly when test sessions are conducted in the late afternoon just before 
Iftar (fast break). However, the point at which the components of performance are affected 
is not well established. 


Authors Subjects Measured parameters Timing ar Ramadan effect (compared 
measurement with control period) 
Handgrip force NC 
CMJ height NC 


| in the first week (-0.28%) 
and the fourth week (-0.12%) 
of Ramadan 


| in the first week (-0.13%) 


Arms’ maximal power (force- 
velocity test) 


10 male physical 


Bouhlel et al., [7] education students ae power (orce mer ca and the fourth week (-0.06%) 
Age: 21.8 + 1.9 years y i of Ramadan 
Resting hemoglobin NC 
T in the first week (+0.02%) 
Resting hematocrit and NC in the fourth week of 
Ramadan 


| in the first week and NC in 


Resting plasma volume the fourth week of Ramadan 


Best time in a single trial during 
a repeated sprint test (6 x 
15-m interspersed with 15-s of 
passive recovery) 


NC 


18 young non-athlete 
Girard & Faroog [13] boys Between 13:00 h NC during the first week and 


Age: 12.6 + 1.5 years | Cumulated sprint time and 14:00 h 1 during the fourth week 
(+2.47%) of Ramadan 


Sprint decrement score NC 
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Racinais et al., [16] 


Asl et al., [17] 


Aziz et al., [18] 


Brisswalter et al., [19] 


11 Muslim males 
Age: 31 + 3 years 


15 male athletes 
Age: 22.5 + 1.14 years 


18 outfield soccer 
players (fasting group = 
10, non-fasting group = 8) 
Age: 17.95 + 0.7 years 


18 well trained runners 
(fasting group = 9, non- 
fasting group = 9) 

Age: 23.6 + 2.9 years 


Activity pattern (72-h tri-axial 
accelerometer) 


Knee extensors’ maximal 
isometric torque 


Knee flexors’ maximal isometric 


torque 


Electromyography activity of 
the vastus lateralis 


Mean HR during 45-min 
running at 55% VO, max 
followed by another 45-min 
running at 90% VO, max 


Blood lactate after 45-min 
running at 55% VO, max 
followed by another 45-min 
running at 90% VO, max 


RPE 20-min after training 
session 


VO, max (estimated by an 
Incremental Running Test; 
Hausswirth et al. [20]) 


Speed at VO, max (Incremental 


Running Test) 


Speed at VT1 % VO, max 
(Incremental Running Test) 


VEmax (Incremental Running 
Test) 


HRmax (Incremental Running 
Test) 


Running efficiency (Incremental 


Running Test) 


MVC 


Between 10:00 h 
and 13:00 h 


Between 10:00 h 
and 12:30 h 


Between 17:30 h 
and 18:00 h 


Higher level of activity from 
02:00 h to 05:00 h 


NC 


NC 


NC 


NC 


t in the middle of Ramadan 
(+15.07%) 


No significant difference was 
observed between the fasting 
and the non-fasting group 


NC 


| during the last week of 
Ramadan in the fasting group 
(-11.87%) 


NC 


NC 


NC 


NC 


| during the last week of 
Ramadan in the fasting group 
(-3.75%) 
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Chtourou et al., [5] 
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20 soccer players 
Age: 17.6 + 0.6 years 


RPE after a Yo-Yo test level 1 


RPE after a RSA test (5 x 6-s 
maximal sprints every 30-s) 


RPE after a 30-s Wingate test 


POMS questionnaire 


Peak power during the Wingate 
test 


Mean power during the 
Wingate test 


Fatigue index during the 
Wingate test 


Total distance covered in the 
Yo-Yo test 


MAV in the Yo-Yo test 


Total work in the RSA test 


Peak power in the RSA test 


Percentage of peak power 
decrement in the RSA test 


17:00 h 


t in the second week 
(+10.96%) and the fourth 
week (+12.59%) of Ramadan 


t in the second week 
(+11.52%) and the fourth 
week (+12.51%) of Ramadan 


t in the second week 
(+9.47%) and the fourth week 
(+12.63%) of Ramadan 


t fatigue in the second week 
(+11.96%) and the fourth 
week (+22.8%) of Ramadan 


| in the second week 
(-1.64%) and the fourth week 
(-1.82%) of Ramadan 


| in the second week 
(-2.43%) and the fourth week 
(-2.89%) of Ramadan 


t in the second week 
(+6.81%) and the fourth week 
(+11.43%) of Ramadan 


NC in the second week and | 
in the fourth week (-11.93%) 
of Ramadan 


NC in the second week and | 
in the fourth week (-3.68%) of 
Ramadan 


NC in the second week and | 
in the fourth week (-3.78%) of 
Ramadan 


NC in the second week 
and | in the fourth week of 
Ramadan for all sprints 


NC in the second week and | 
in the fourth week (-51.63%) 
of Ramadan 


Guveng [21] 


16 soccer players 
Age: 17.4 + 1.2 years 


Performance parameters were assessed during a modified 20-m shuttle run test 


Peak running distance 


Peak running time 


Peak running velocity 


Running velocity at lactate 
concentration of 4 mmol.L" 


Lactate concentration at 8 
km.h- 


Lactate concentration at 10 
km.h“ 


Lactate concentration at 11 
km.h“ 


Lactate concentration at 12 
km.h“ 


Peak lactate concentration 


HR at 8 km.h“ Between 16:00 


h and 18:00 h 


HR at 10 km.h“ 


HR at 11 km.h“ 


HR at 12 km.h“ 


Peak HR 


RPE at 8 km.h“ 


RPE at 10 km.h“ 


RPE at 11 km.h“ 


RPE at 12 km.h“ 


Peak RPE 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


t in the beginning (+9.45%) 
and at the end (+11.97%) of 
Ramadan 


T in the beginning (+9%) 
and at the end (+6.99%) of 
Ramadan 

T in the beginning (+8.47%) 
and at the end (+6.37%) of 
Ramadan 


NC 
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Memari et al., [22] 


Aziz et al., [23] 


Lotfi et al., [25] 
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12 female taekwondo 
players 
Age: 15-27 years 


10 moderately trained 
runners 
Age: 27.3 + 7.2 years 


9 resistance athletes 
Age: 23 + 3 years 


Agility time 


Vertical jumping height 


Balance time 


Distance covered during a 30- 
min time trial run 


Mean speed during a 30-min 
time trial run 


HR during a 60-min endurance 
treadmill running 


RPE at the end of the 60-min 
run 


Blood lactate concentration 
after the 60-min run 


Subjective readiness to train 
(VAS; Wewers & Lowe [24]) 


Subjective level of tiredness 
(VAS; Wewers & Lowe [24]) 


Subjective level of alertness 
(VAS; Wewers & Lowe [24]) 


Subjective level of 
concentration (VAS; Wewers & 
Lowe [24]) 


HR 15-min after a 1000-m run 


Systolic blood pressure 15-min 
after a 1000-m run 


Diastolic blood pressure 15-min 


after a 1000-m run 


Motor time 15-min after a 1000- 


m run 


Recognition time 15-min after a 


1000-m run 


Total reaction time 15-min after 


a 1000-m run 


Resting critical flicker fusion 


Critical flicker fusion 15-min 
after a 1000-m run 


Between 16:00 
h and 18:00 h 


Between 16:00 
h and 18:00 h 


12.00 h - 13.00 
h 


î during the second week 
(+7.29%) and the fourth week 
(+5.10%) of Ramadan 

NC 


NC 


| during Ramadan (-3.55%) 


| during Ramadan at the 15th 
and 25th min marks 


NC 


NC 


NC 


NC 


| during Ramadan (-17.30%) 


| during Ramadan (-15.66%) 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


T in the first week (+3.71%) 
and NC in the fourth week of 
Ramadan 


Chaouachi et al., [4] 


8 middle distance 


Chennaoui et al., [11] runners 


Age: 25 + 1.3 years 


19 adolescent soccer 


Meckel et al., [9] players 


Age: 14-16 years 


15 elite judokas 
Age: 18 + 1 years 


SJ height 


SJ force 


SJ peak power 


CMJ height 


CMJ peak power 


Ratio SJ height/CMJ height 
30-s repeated jumping test 
average height 


30-s repeated jumping test 
average power 


Lactate concentration 


measured 3-min after the 30-s Between 14:00 


repeated jumping test 


5-m sprint time 
10-m sprint time 


30-m sprint time 


VO,max (estimated by a 
Multistage Fitness Test; Léger 
& Gadoury [26]) 


vVO, max 


HRmax during the Multistage 
Fitness Test 


Lactate concentration 
measured 3-min after the 
Multistage Fitness Test 


Total fatigue score (Chatard et 
al., [27]) 


MAV 


POMS questionnaire 


Agility (4 x 10-m shuttle run 
time) 


CMJ height 


Speed endurance (6 x 40-m 
sprints with 30-s rest between 
the runs) 


2 x 20-m sprint time 


3000-m run time 


h and 16:00 h 


10:00 h 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC in the middle and | at the 
end (-4.27%) of Ramadan 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


t in the middle (+58.33%) 
and at the end (+33.33%) of 
Ramadan 


| at day 7 (- 2.89%) and day 
21 (- 3.86%) of Ramadan 


î fatigue score at the end of 
Ramadan (+31.5%) 
NC 


| in the last 2 days of 
Ramadan (-1.79%) 


t in run time (+0.81%) and 
performance decrement 
(+5.26%) in the last 2 days of 
Ramadan 


NC 


î in the last 2 days of 
Ramadan (+0.87%) 
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Karli et al., [28] 


Zerguini et al., [8] 


Bigard et al., [30] 


Sweileh et al., [31] 
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10 male elite power 
athletes 
Age: 20-24 years 


48 professional soccer 
players 
Age: 17-34 years 


11 senior fighter pilots 
Age: 27-49 years 


Sedentary subjects 


Absolute peak power during a 
30-s Wingate test 


Relative peak power during a 
30-s Wingate test 


Absolute mean power during a Between 15:00 


30-s Wingate test 


Relative mean power during a 
30-s Wingate test 


Fatigue index during a 30-s 
Wingate test 


Peak blood lactate 
concentration 


Peak HR 


Vertical jump height 


Dribbling time (Rosch et al., 
[29]) 


Agility time (Rosch et al. [27]) 


5-m speed time 


10-m speed time 


20-m speed time 


12-min run distance 


HR after 12-min run 


HR 5-min after 12-min run 


MVC of right elbow flexors 


MVC of left elbow flexors 


MVC of knee extensors 


Muscle endurance at 35% MVC 


Muscle endurance at 70% MVC 


VO,max 


h and 17:30 h 


14:00 h 


î in the last 3 days of 
Ramadan (+0.05%) and the 
last 3 days of the fourth week 
after the end of Ramadan 
(+0.08%) 

î in the last 3 days of 
Ramadan (+0.04%) and the 
last 3 days of the fourth week 
after the end of Ramadan 
(+0.07%) 


NC 


NC 


NC 


NC 


NC 


NC 


î during the last week of 
Ramadan (+9.36%) 


î during the last week of 
Ramadan (+6.80%) 


NC 


NC 


NC 


| during the last week of 
Ramadan (-15.92%) 


| during the last week of 
Ramadan (-22.69%) 


NC 


| during the first week 
(-9.30%) and the fourth week 
(-9.55%) of Ramadan 


| during the first week 
(-12.05%) and NC during the 
fourth week of Ramadan 


NC during the first week and 
| during the fourth week of 
Ramadan (-14.76%) 


NC during the first week and 
| during the fourth week of 
Ramadan (-28.36%) 


NC during the first week and 
| during the fourth week of 
Ramadan (-22.20%) 


| in the first week of Ramadan 
with a return to pre-Ramadan 
levels in the last week of 
Ramadan 


Authors 


Bouhlel et al., [7] 


Girard & Farooq [13] 


Racinais et al., [16] 


Asl et al., [17] 


Aziz et al., [18] 


Brisswalter et al., [19] 


Subjects 


10 male physical 
education students 
Age: 21.8 + 1.9 years 


18 young non-athlete 
boys 
Age: 12.6 + 1.5 years 


11 Muslim males 
Age: 31 + 3 years 


15 male athletes 
Age: 22.5 + 1.14 years 


18 outfield soccer 
players (fasting group 
= 10, non-fasting group 
= 8) 

Age: 17.95 + 0.7 years 
18 well trained runners 
(fasting group = 9, non- 
fasting group = 9) 

Age: 23.6 + 2.9 years 


Measured parameters 


Handgrip force 


CMJ height 


Arms’ maximal power (force- 
velocity test) 


Legs’ maximal power (force- 
velocity test) 


Resting hemoglobin 


Resting hematocrit 


Resting plasma volume 


Best time in a single trial during 


a repeated sprint test (6 x 


Timing of 
measurement 


Between 15:00 
h and 17:00 h 


Between 13:00 


15-m interspersed with 15-s of hand 14:00 h 


passive recovery) 


Cumulated sprint time 


Sprint decrement score 


Activity pattern (72-h tri-axial 
accelerometer) 


Knee extensors’ maximal 
isometric torque 


Knee flexors’ maximal isometric 


torque 


Electromyography activity of 
the vastus lateralis 


Mean HR during 45-min 
running at 55% VO,max 
followed by another 45-min 
running at 90% VO,max 


Blood lactate after 45-min 
running at 55% VO,max 
followed by another 45-min 
running at 90% VO,max 


RPE 20-min after training 
session 


VO,max (estimated by an 
Incremental Running Test; 
Hausswirth et al., [20]) 


Speed at VO,max (Incremental 


Running Test) 


Speed at VT1 % VO2max 
(Incremental Running Test) 


Between 10:00 
h and 13:00 h 


Between 10:00 
h and 12:30 h 


Between 17:30 
h and 18:00 h 


Ramadan effect (compared 
with control period) 


NC 


NC 


| in the first week (-0.28%) 
and the fourth week (-0.12%) 
of Ramadan 

| in the first week (-0.13%) 
and the fourth week (-0.06%) 
of Ramadan 


NC 


T in the first week (+0.02%) 
and NC in the fourth week of 
Ramadan 


| in the first week and NC in 
the fourth week of Ramadan 


Z 


C 


NC during the first week and 
î during the fourth week 
(+2.47%) of Ramadan 


NC 


Higher level of activity from 
02:00 h to 05:00 h 


NC 


NC 


NC 


î in the middle of Ramadan 
(+15.07%) 


No significant difference was 
observed between the fasting 
and the non-fasting group 


NC 


| during the last week of 
Ramadan in the fasting group 
(-11.87%) 


NC 
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Chtourou et al., [5] 
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20 soccer players 
Age: 17.6 + 0.6 years 


VEmax (Incremental Running 
Test) 


HRmax (Incremental Running 
Test) 


Running efficiency (Incremental 
Running Test) 


MVC 


RPE after a Yo-Yo test level 1 17:00 h 


RPE after a RSA test (5 x 6-s 
maximal sprints every 30-s) 


RPE after a 30-s Wingate test 


POMS questionnaire 


Peak power during the Wingate 
test 


Mean power during the 
Wingate test 


Fatigue index during the 
Wingate test 


Total distance covered in the 
Yo-Yo test 


MAV in the Yo-Yo test 


Total work in the RSA test 


Peak power in the RSA test 


Percentage of peak power 
decrement in the RSA test 


NC 


NC 


NC 


| during the last week of 
Ramadan in the fasting group 
(-3.75%) 


t in the second week 
(+10.96%) and the fourth 
week (+12.59%) of Ramadan 


t in the second week 
(+11.52%) and the fourth 
week (+12.51%) of Ramadan 


t in the second week 
(+9.47%) and the fourth week 
(+12.63%) of Ramadan 


î fatigue in the second week 
(+11.96%) and the fourth 
week (+22.8%) of Ramadan 


| in the second week (-1.64%) 
and the fourth week (-1.82%) 
of Ramadan 


| in the second week (-2.43%) 
and the fourth week (-2.89%) 
of Ramadan 


t in the second week 
(+6.81%) and the fourth week 
(+11.43%) of Ramadan 


NC in the second week and | 
in the fourth week (-11.93%) 
of Ramadan 


NC in the second week and | 
in the fourth week (-3.68%) of 
Ramadan 


NC in the second week and | 
in the fourth week (-3.78%) of 
Ramadan 


NC in the second week 
and | in the fourth week of 
Ramadan for all sprints 


NC in the second week and | 
in the fourth week (-51.63%) 
of Ramadan 


Performance parameters were assessed during a modified 20-m shuttle run test 


Peak running distance NC 
Peak running time NC 
Peak running velocity NC 


Running velocity at lactate 


concentration of 4 mmol.L" NC 
Lactate concentration at 8 
: NC 
km.h“ 
Lactate concentration at 10 
j NC 
km.h- 
Lactate concentration at 11 
i NC 
km.h“ 
Lactate concentration at 12 
- NC 
km.h“ 
Peak lactate concentration NC 
Güvenç [21] 16 soccer players 
ç Age: 17.4 + 1.2 years UR at 8 kmh" Between 16:00 NC 
AAN h and 18:00 h 
HR at 10 km.h’ NC 
HR at 11 km.h“ NC 
HR at 12 km.h“ NC 
Peak HR NC 
RPE at 8 km.h“ NC 
t in the beginning (+9.45%) 
RPE at 10 km.h“ and at the end (+11.97%) of 
Ramadan 
T in the beginning (+9%) 
RPE at 11 km.h“ and at the end (+6.99%) of 
Ramadan 
T in the beginning (+8.47%) 
RPE at 12 km.h“ and at the end (+6.37%) of 
Ramadan 
Peak RPE NC 
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Memari et al., [22] 


Aziz et al., [23] 


Lotfi et al., [25] 
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12 female taekwondo 
players 
Age: 15-27 years 


10 moderately trained 
runners 
Age: 27.3 + 7.2 years 


9 resistance athletes 
Age: 23 + 3 years 


Agility time 


Vertical jumping height 


Balance time 


Distance covered during a 30- 
min time trial run 


Mean speed during a 30-min 
time trial run 


HR during a 60-min endurance 
treadmill running 


RPE at the end of the 60-min 
run 


Blood lactate concentration 
after the 60-min run 


Subjective readiness to train 
(VAS; Wewers & Lowe [24]) 


Subjective level of tiredness 
(VAS; Wewers & Lowe [24]) 


Subjective level of alertness 
(VAS; Wewers & Lowe [24]) 


Subjective level of 


concentration (VAS; Wewers & 
Lowe [24]) 


HR 15-min after a 1000-m run 


Systolic blood pressure 15-min 
after a 1000-m run 


Diastolic blood pressure 15-min 


after a 1000-m run 


Motor time 15-min after a 1000- 


m run 


Recognition time 15-min after a 


1000-m run 


Total reaction time 15-min after 


a 1000-m run 


Resting critical flicker fusion 


Critical flicker fusion 15-min 
after a 1000-m run 


Between 16:00 
h and 18:00 h 


Between 16:00 
h and 18:00 h 


12.00 h - 13.00 
h 


î during the second week 
(+7.29%) and the fourth week 
(+5.10%) of Ramadan 


NC 


NC 


| during Ramadan (-3.55%) 


| during Ramadan at the 15th 
and 25th min marks 


NC 


NC 


Z 


C 


NC 


NC 


| during Ramadan (-17.30%) 


| during Ramadan (-15.66%) 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


T in the first week (+3.71%) 


and NC in the fourth week of 
Ramadan 


Chaouachi et al., [4] 


8 middle distance 


Chennaoui et al., [11] runners 


Age: 25 + 1.3 years 


19 adolescent soccer 


Meckel et al., [9] players 


Age: 14-16 years 


15 elite judokas 
Age: 18 + 1 years 


SJ height 

SJ force 

SJ peak power 
CMJ height 

CMJ peak power 


Ratio SJ height/CMJ height 


30-s repeated jumping test 
average height 


30-s repeated jumping test 
average power 


Lactate concentration 
measured 3-min after the 30-s 
repeated jumping test 


5-m sprint time 
10-m sprint time 


30-m sprint time 

VO,max (estimated by a 
Multistage Fitness Test; Léger 
& Gadoury [26]) 


vVO,max 


HRmax during the Multistage 
Fitness Test 


Lactate concentration 
measured 3-min after the 
Multistage Fitness Test 


Total fatigue score (Chatard et 
al., [27]) 


MAV 


POMS questionnaire 


Agility (4 x 10-m shuttle run 
time) 


CMJ height 


Speed endurance (6 x 40-m 
sprints with 30-s rest between 
the runs) 


2 x 20-m sprint time 


3000-m run time 


Between 14:00 
h and 16:00 h 


10:00 h 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC in the middle and | at the 
end (-4.27%) of Ramadan 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


NC 


t in the middle (+58.33%) 
and at the end (+33.33%) of 
Ramadan 


| at day 7 (- 2.89%) and day 
21 (- 3.86%) of Ramadan 


î fatigue score at the end of 
Ramadan (+31.5%) 
NC 


| in the last 2 days of 
Ramadan (-1.79%) 


t in run time (+0.81%) and 
performance decrement 
(+5.26%) in the last 2 days of 
Ramadan 


NC 


î in the last 2 days of 
Ramadan (+0.87%) 
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Karli et al., [28] 


Zerguini et al., [8] 
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10 male elite power 
athletes 
Age: 20-24 years 


48 professional soccer 
players 
Age: 17-34 years 


Absolute peak power during a 
30-s Wingate test 


Relative peak power during a 
30-s Wingate test 


Absolute mean power during a 
30-s Wingate test 


Between 15:00 
h and 17:30 h 


Relative mean power during a 
30-s Wingate test 


Fatigue index during a 30-s 
Wingate test 


Peak blood lactate 
concentration 


Peak HR 


Vertical jump height 


Dribbling time (Rosch et al., 
[29]) 


Agility time (Rosch et al. [27]) 


5-m speed time 


10-m speed time 14:00 h 


20-m speed time 


12-min run distance 


HR after 12-min run 


HR 5-min after 12-min run 


î in the last 3 days of 
Ramadan (+0.05%) and the 
last 3 days of the fourth week 
after the end of Ramadan 
(+0.08%) 


î in the last 3 days of 
Ramadan (+0.04%) and the 
last 3 days of the fourth week 
after the end of Ramadan 
(+0.07%) 


NC 


NC 


NC 


NC 


NC 


NC 


î during the last week of 
Ramadan (+9.36%) 


î during the last week of 
Ramadan (+6.80%) 


NC 


NC 


NC 


| during the last week of 
Ramadan (-15.92%) 


| during the last week of 
Ramadan (-22.69%) 


NC 


| during the first week 
MVC of right elbow flexors (-9.30%) and the fourth week 
(-9.55%) of Ramadan 


| during the first week 
MVC of left elbow flexors (-12.05%) and NC during the 
fourth week of Ramadan 


NC during the first week and 
MVC of knee extensors - | during the fourth week of 
Ramadan (-14.76%) 


11 senior fighter pilots 


Bigard et al., [30] Age: 27-49 years 


NC during the first week and 
Muscle endurance at 35% MVC | during the fourth week of 
Ramadan (-28.36%) 


NC during the first week and 
Muscle endurance at 70% MVC | during the fourth week of 
Ramadan (-22.20%) 


| in the first week of Ramadan 
with a return to pre-Ramadan 
levels in the last week of 
Ramadan 


Sweileh et al., [31] Sedentary subjects VO,max - 


Table 1: Effect of Ramadan observance on sport performance 


NC: No significant change during Ramadan; VO,max: maximal oxygen uptake; MAV: 
Maximal Aerobic Velocity; POMS: Profile of Mood States; CMJ: Counter-movement Jump; 
HR: Heart Rate; SJ: Squat Jump; vVO,max: velocity associated with VO,max; HRmax: 
maximal Heart Rate; RPE: Rating of Perceived Exertion; MVC: Maximal Voluntary isometric 
Contraction; VAS: Visual Analogue Scale; VE: Ventilation; VT: Ventilatory Threshold; RSA: 
Repeated Sprint Ability. 


Mechanisms Responsible for Performance Decrement during Ramadan 


Authors considered that many factors are involved in performance decrement during 
Ramadan. Most known factors are circadian rhythms’ alteration, hypo-hydration (i.e., 
reduced total body water), disturbance of the sleep-wake cycle, modified training load, 
changed body composition, and fatigue. 


Current evidence suggests that athletes who maintain their total energy intake, training 
load, and body mass are able to sustain their physical performance during Ramadan fasting. 
For instance, previous studies showed that fitness was not reduced [4] or even increased [3] 
when the training load was maintained during Ramadan. In this context, Chaouachi et al., 
[4] reported that single vertical jump performance, force, and peak power appeared to be 
unaffected during Ramadan fasting in elite judokas. Nevertheless, Ramadan fasting affected 
mean power output during a continuous 30-s vertical jump test [4]. Moreover, in Tunisian 
soccer players, Kirkendall et al., [3] observed that when training load was maintained, sprint 
performance was better during Ramadan in comparison with before Ramadan. It seems that 
when special attention is given to the maintenance of training load, one could avoid big 
decrements in fitness, and mostly maintain physical performance, with some studies even 
showing some improvements in some physical performance measures [3,28]. 


Likewise, previous studies also showed that athletes were able to sustain their sport 
performance when energy intake was maintained during Ramadan [4,21]. In this context, 
Güvenç [21] reported that peak running distance, time, and velocity in the 20-m shuttle run 
test and running velocity at the onset of blood lactate accumulation in the 20-m shuttle run 
test were maintained during Ramadan when total energy intake was the same for Ramadan 
compared to before Ramadan. Furthermore, previous studies showed that sport performance 
was maintained during Ramadan when body mass was unchanged [21,32]. In this context, 
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Zarrouk et al., [32] observed that karate athletes were able to maintain their body mass, 
maximal voluntary isometric contraction, and sub-maximal knee extension isometric 
contraction time (at 75% of the maximal voluntary contraction until exhaustion) during 
Ramadan. Therefore, when body mass, energy intake, and training load are maintained, the 
decrements in fitness during Ramadan are usually not observed or small. 


Regarding the hydration status, Bigard et al., [30], Bouhlel et al., [7,33], Bouhlel et al., [7] 
and Aloui et al., [34] showed increased hematocrit and hemoglobin values and a reduction 
in plasma volume during Ramadan. Moreover, a reduction in urine volume, sodium, 
potassium, and total solute excretion and an increase in urinary osmolality [35,36] were 
reported during Ramadan. These measurements confirm that subjects were hypo-hydrated 
in the fasting state. Besides, some studies showed that body mass was significantly reduced 
during Ramadan [31,34]. This body mass loss can be attributed to acute body water loss 
and/or decreased fat free mass. 


Severe hypo-hydration (i.e., reduced total body water) can lead to impairments in 
exercise performance [14]. In this context, abundant research documents the detrimental 
effects of hypo-hydration on endurance exercise performance [37]. Similarly, other studies 
demonstrated that hypo-hydration decreases muscular performance [38-40]. Altered 
hydration can influence athletes cognitively in addition to physically; this can even occur 
before the level of dehydration reaches a point where the exerciser’s physical performance 
would normally be affected [41]. Mild dehydration has been attributed to decrease in 
perceived alertness and attentional resources and an increase in self-reported tiredness 
and headache [41]. 


Likewise, fatigue caused by daytime fasting may explain performance decrement during 
Ramadan. In this context, higher ratings of perceived exertion were observed during 
Ramadan compared with control periods mainly in the afternoon [5,34]. Also, Chaouachi 
et al., [4] reported an increase in total fatigue scores during Ramadan in elite judo athletes 
maintaining their usual training loads and most physical performances levels. Fatigue can 
also result from disturbances in sleep-wake cycle during Ramadan. Indeed, sleep duration 
is reduced because of the large amount of food eaten at night and social/religious events 
that occur during the nighttime. Research has shown that sleep-loss has negative effects 
on physical performance mainly when tests are conducted in the afternoon [42,43]. In this 
context, HajSalem et al., [44] recently showed that partial sleep deprivation may adversely 
affect muscle power output during a 30-s Wingate test. However, they also observed that 
muscle strength during a hand-grip test (which is a very short-term performance measure) 
was not significantly affected by sleep-loss. More recently, Souissi et al., [45] demonstrated 
that performance during maximal voluntary contraction, hand grip, and 30-s Wingate tests 
was significantly affected by partial sleep-loss when assessed in the afternoon hours, but 
not in the morning of the following day. 


Strategies to Cope with Daytime Fasting 


Recent review papers have detailed practices that athletes should use to minimize the 
negative impact of Ramadan fasting/observance on sport performance [46-49]. Indeed, 
Ramadan has not to be considered only as a food and fluid intake alteration (fasting), but as 
a whole of life style changes including sleep and other variables (observance) that will likely 
to affect physical performance. 


Training loads should not be reduced during Ramadan as compared to before Ramadan 
to avoid any detraining effect. Also, heavy training sessions should be scheduled either in 
the early evening or, when impossible to do so, in the late afternoon, so that players can 
replenish their glycogen stores and rehydrate immediately after training [46]. 


Chaouachi et al., [46] have suggested that athletes who maintain their energy and 
macronutrient intake, training load, body composition, and sleep are unlikely to suffer any 
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substantial decrements in performance during the whole month of Ramadan. Moreover, 
during Ramadan, Muslim athletes should consume foods and drinks in the hours of 
darkness to supply the nutrients needed to promote performance, adaptation, and 
recovery in their sports [47]. Careful choice of fluid and food intake during or after exercise 
undertaken in the evening is also important to support needs for performance and recovery 
[47]. Also, special sports foods should be used to reduce gastrointestinal discomfort [47]. 
Furthermore, as sleep-loss and disruption in the normal circadian cycles can adversely 
affect physical performance, athletes should progressively establish a new sleep-wake cycle 
before Ramadan, with regular sleeping and eating schedules that match the ones followed 
during Ramadan [46]. Sleep-loss should be minimized and regular daytime naps may be 
required to sustain hard physical activity [2,46,48]. 


Likewise, Islam advises Muslims through “Hadith” (Practice of the Prophet Mohammad 
“may the blessing of Allah and peace be upon him”) to fast two days a week (Mondays and 
Thursdays). This practice is widely spread among some Muslims. Also, some others fast 
three days in the middle of the pre-Ramadan month (Chaabene) and six days during the 
post-Ramadan month (Chawal). This practice could help the human body to be progressively 
prepared for the next coming period, possibly dampening the deep changes that occur 
during Ramadan and the first week after it. This should be experimented with respect to its 
possible effect on sport performance. 


Conclusion 


The effect of Ramadan observance on sport performance is a controversial issue. Till now, 
the exact underlying mechanisms of performance decrement observed during Ramadan are 
not well identified. Although speculative, disturbance in sleep-wake cycle and circadian 
rhythms, hypo-hydration, possible alterations in body composition, environmental 
conditions, training load/regimen changes, and fatigue could explain the negative effect of 
Ramadan observance on sport performance. 


Coping strategies adopted while fasting and training during Ramadan are greatly varied 
among athletes. However, if some could manage Ramadan fasting and sport quite easily, 
some other athletes may not be able to maintain the required exercise performance during 
Ramadan. Therefore, the technical and medical staffs should emphasize on individualization 
in that regard. 
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Abstract 


Muslim athletes, whether living in a Muslim majority country or a non-Muslim country, 
should fast from dawn to sunset daily during Ramadan. Most athletes will continue to train 
and compete during this month. Ramadan is associated with behavioral changes that affect 
the metabolic, physiological, and psychological responses of athletes to a training session 
or a competition. This updated review aimed to present the current state of knowledge 
concerning the effects of Ramadan on athletic performance and its diurnal variations. To date, 
there are conflicting findings on the effects of Ramadan on athletic performance. However, 
in general, Ramadan fasting has minor effects upon athletic performance. Indeed, the 
available data indicate that high-level athletes who maintain their training load and control 
their sleep, food, and fluid intake and therefore do not undergo body composition changes, 
could sustain their performance during Ramadan. Performance changes were generally 
observed when test sessions were conducted in the afternoon just before sunset. However, 
no negative effect was observed when tests were conducted in the morning. Moreover, the 
amplitude of the diurnal rhythm of performance was reduced during Ramadan. Therefore, 
coaches should take into account the needs of Muslim athletes who observe Ramadan 
when scheduling training sessions or the participation to sport events, especially when 
competitions are programmed at different times-of-day. 


Keywords: Athletes; Chronobiology; Diurnal Rhythm; Health; Ramadan; Sport 


Introduction 


Fasting during Ramadan, the ninth month of the Islamic lunar calendar, is a religious 
obligation for every physically and mentally able Muslim adult [1,2]. This act of devotion to 
God is one of the five pillars of Islam that requires abstaining from eating, drinking, smoking, 
chewing, and having sexual relations from dawn till sunset [3]. It seeks to replace aggressive 
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thoughts and behaviors with ideal principles of reflection, piety, charity, patience, righteousness, 
and restraint [4]. Because the lunar calendar is shorter than the Gregorian calendar, Ramadan 
shifts by ~10-11 days each year and occurs at different seasons with a 33-year cycle. 


During Ramadan, typically two meals are eaten each day: Sahour (i.e., just before dawn) 
and Iftar (i.e., after sunset). Although there might be regional and cultural differences in 
dietary practices, this concentration of food and fluid intake into the hours of darkness 
may accumulate an energy deficit and a progressive dehydration occurring during daylight 
hours [5]. Some people are unable to achieve energy balance due to the shift of eating 
and sleeping times, and some people increase fat consumption and/or consume excessive 
amount of food due to the large variety of foods available during this month compared 
with the rest of the year [6]. Also, previous studies reported that Ramadan fasting reduced 
the total sleep duration [7], increased sleep latency [8], and delayed the nocturnal sleep 
phase of approximately 2-3 hours [9]. In this context, recent studies reported that athletic 
performance was significantly reduced after one night of partial sleep deprivation [10,11]. 


Sport events and competitions could be scheduled during Ramadan such as the Olympics 
2012 and the FIFA World Cup 2014. Thus, an understanding of the effects of Ramadan on 
athletic performance, particularly on fasting Muslim athletes, is essential for coaches and 
sport scientists in order to be able to better cope with this annual constraint [12]. 


The changes associated with the acute diurnal dehydration that characterize Ramadan 
fasting may produce many effects upon athletes’ physiology and psychology possibly having 
detrimental effects on sport performance. However, modifications of athletic performances 
during Ramadan are a matter of debate. In this context, Aloui et al., [13] showed that 
short- and long-duration exercise performance was adversely affected during Ramadan 
in judo athletes. Likewise, Chtourou et al., [14] reported that performance during a Y-Y, 
intermittent recovery test, a repeated sprint test (5x6 s sprints with 24 s of recovery in- 
between), and a 30 s Wingate test was significantly reduced during Ramadan compared to 
before Ramadan in young soccer players. However, Zarrouk et al., [15] showed that Maximal 
Voluntary Contraction (MVC) of the knee extensor muscles and muscle endurance at 75% of 
the MVC were not significantly affected by Ramadan fasting in karate players. 


The discrepancies between studies could be, in part, linked to the time-of-day of testing. 
Indeed, recent studies reported that athletic performance was significantly reduced during 
Ramadan when athletes were tested in the afternoon hours (i.e., just before sunset) [16-19]. 
However, when tests were performed in the morning, Ramadan fasting did not affect athletic 
performance [16-19]. These results could be explained by the fact that fluid and food intake 
before sunrise could lead to a “normal” morning status (i.e., very short fasting duration) 
and, thus, athletes maintain the same performance during Ramadan as compared to before 
the fasting month for the early morning hours. 


In addition to the effect of Ramadan fasting on morning and evening performances, 
the second aim of recording athletic performance at different times-of-day during this 
month is to investigate the disruption of the diurnal rhythm of short- and long-duration 
performances. Indeed, food intake and sleep pattern changes during Ramadan may affect 
the sleep-wake cycle. For example, Ramadan could delay nocturnal sleep by ~2-3 hours 
[9]. These modifications could affect the zeitgebers of the rhythm and, therefore, affect the 
typical diurnal variations of athletic performance. 


In another context, it is well established that short-term maximal performance is time- 
of-day dependent with evening acrophases, morning nadirs, and amplitudes ranging 3-22% 
[20-25]. However, these morning-evening differences were reduced during Ramadan due to 
a significant decrease in late afternoon and/or evening performance [16-19]. 

In view of the above considerations, the aims of this chapter were: 


(i) To update the effect of time-of-day on athletic performance, 
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(ii) To present the effect of Ramadan fasting on athletic performance, and 
(iii)To review the effect of Ramadan fasting on the diurnal variation of athletic performance. 


Effect of time-of-day on athletic performance 


Various psychological and physiological functions have been shown to undergo circadian 
(i.e., ~24 h) or diurnal rhythmicity [26-31]. To date, it is well established that short-term 
maximal performance fluctuates according to a circadian [32,33] or a diurnal rhythm [34- 
38] with evening maximum values (i.e., acrophases), morning minimum values (i.e., nadirs), 
and amplitudes of 3-22% [26]. However, the literature presents conflicting results concerning 
the circadian or diurnal rhythmicity of long-duration exercise performance [26,39,40]. 


Short-term maximal performance: Previous studies reported circadian [32,33] and 
diurnal [19-25] variations in peak and mean power output measured during the 30 s 
Wingate test. Also, Atkinson et al., [32] showed that back and leg strength, grip strength, 
and vertical jump heights attained their maximal values at ~18:00 h (performance was 
recorded at ~02:00 h, 06:00 h, 10:00 h, 14:00 h, 18:00 h, and 22:00 h) with an amplitude 
of ~2-10%. Moreover, Souissi et al., [33] observed that Wingate test peak and mean power 
varied in a circadian manner (performance was recorded at ~02:00 h, 06:00 h, 10:00 h, 
14:00 h, 18:00 h, and 22:00 h) with acrophases observed at 17:24 + 00:36 h and 18:00 + 
01:01 h respectively, and amplitudes of 7.6 + 0.8% and 11.3 + 1.1%, respectively. Likewise, 
when studying the diurnal rhythm of short-term maximal performance, previous studies 
reported that Wingate test peak and mean power were higher at 17:00 h than 07:00 h 
in physical education students (amplitudes: 2.6% and 2.0% respectively, [23]) and young 
soccer players (amplitudes: 3.1% and 2.6% respectively, [25]). Moreover, in judo athletes, 
Chtourou et al., [20] showed that hand-grip strength and Wingate test peak and mean 
power were higher at 09:00 h compared to 12:30 h and 16:00 h with amplitudes of 3.3%, 
2.3%, and 3.5% respectively. 


Although diurnal and circadian variations in short-term maximal performance are well 
established [41-43], the literature regarding the effect of time-of-day on muscle fatigue or 
performance decrement after high-intensity short-duration exercise yields inconclusive 
results [44]. In this context, in healthy male road competitive cyclists, Lericollais et al., [45] 
did not observe any significant morning-evening difference in power decrement during a 60 
s Wingate test, indicating that fatigue is not affected by time-of-day. However, Lericollais et 
al., [46] showed that power decrement during a 60 s Wingate test defined two phases: 


(i) During the first 20 s, fatigue (power decrement) was higher at 18:00 h compared with 
06:00 h, and (ii) during the last 40 s, values were not different between 18:00 h and 06:00 h. 


Likewise, Chtourou et al., [23] and Souissi et al., [47] reported higher fatigue index and 
power decrement during a 30 s Wingate performed in the evening compared to the morning. 
During a 10x6 s repeated sprint exercise (with a 30 s recovery in-between), Racinais et al., 
[48] showed that power output decrement throughout the sprints was higher in the evening 
compared with the morning. However, this time-of-day effect on muscle fatigue was not 
present when participants produced the same initial power output in the evening and in 
the morning. These results demonstrate that the greater initial power output developed in 
the afternoon/evening could be responsible for the higher power decrement observed at this 
time-of-day. Therefore, when it comes to interpreting the fatigue index values of repeated 
short-term performance or RSA (Repeated Sprint Ability), checking any difference in the 
initial power developed during the first sprint is of paramount importance to allow fair 
comparison between efforts. 


Long-duration exercise performance: The available scientific data appear to be equivocal. 
In this context, previous studies failed to show circadian or diurnal rhythmicity in time to 
exhaustion during cycling exercise [49], total work and average power output during a 15 
min time trial cycling exercise [50], and work rate during submaximal cycling exercise [51]. 
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However, Hammouda et al., [18] reported that the distance covered during a Yo-Yo intermittent 
recovery test was higher in the evening compared with the morning. In this regard, a limitation 
of this field test is that the exercise is that effort is intermittent nature and subject to voluntary 
exhaustion; therefore, the participant should be highly motivated to achieve the end-point 
on each occasion the test is conducted [26]. Likewise, Bessot et al., [52] showed that time 
to exhaustion at 95% of maximal power during a cycling exercise was higher in the evening 
compared with the morning. These divergent results could be due to the reluctance of some 
subjects to exercise to voluntary exhaustion during troughs in arousal as it is the case in the 
morning for some subjects, especially the evening-type individuals [26]. 


To explain the diurnal or circadian rhythm of athletic performance, previous studies 
reported that many of these rhythms are parallel to the daily variation in body temperature 
[53-55]. Indeed, some studies have suggested that the simultaneous increases in core 
temperature and athletic performance are causally related and that the increase in core 
temperature in the evening could exert a passive warm-up effect enhancing metabolic 
reactions, increasing the extensibility of connective tissue, reducing muscle viscosity, and 
increasing the conduction velocity of action potentials [26]. 


Effect of Ramadan fasting on athletic performance 


Actually, studies that have examined the effect of Ramadan fasting on athletic 
performance suggested that there is modest or no effect [15,56,57], although others showed 
significant impairment in performance during Ramadan [13,14,16-18,58]. 


In young soccer players, Chtourou et al., [14] examined the effect of Ramadan fasting 
on short- and long-duration exercise performance (a 30 s Wingate test, a 5x6 s repeated 
sprint test (with 24 s of recovery in-between), and a Y -Y intermittent recovery test) as well 
as ratings of perceived exertion and the profile of mood state. The authors observed that 
peak and mean power during the Wingate test decreased significantly during Ramadan in 
comparison with before Ramadan by ~1.6-1.9% and 2.4-2.9% during the second and the 
fourth weeks of Ramadan respectively. Moreover, peak power and total work developed 
during the repeated sprint test were impaired during Ramadan (3.8% decrease for the total 
work). Likewise, estimated maximal aerobic velocity and the total distance covered during 
the Y -Y intermittent recovery test were lower during Ramadan in comparison with before 
Ramadan by 3.7% and 11.9% respectively. Moreover, the authors reported higher rating of 
perceived exertion scores (11 and 12.6% in rating of perceived exertion during the second 
and the fourth weeks of Ramadan respectively) and fatigue estimated by the profile of mood 
state (12 and 22.8% during the second and the fourth weeks of Ramadan respectively) during 
Ramadan in comparison with before Ramadan. The decrement in performance observed 
during Ramadan could be explained by the fact that the study was carried out during the 
offseason period. Indeed, Chaouachi et al., [59,60] indicated that athletes could maintain 
their performance during Ramadan when they sustain the same training load during this 
fasting month. The drawback of the study of Chtourou et al., is that body composition 
and energy intake were not monitored through the study impeding any interpretation of 
the decreased physical performance with respect to the body composition status. Another 
possible explanation of the decrease in performance could come from the fasting history. 
Indeed, the study subjects [14] trained while fasting for only 1 to 3 years. In the study of 
Chaouachi et al., [56] showing no impact of Ramadan fasting on performance, participants 
used to train and fast for a mean of 7 years. This might be a variable impacting the effects 
of Ramadan on athletes’ performance. 


In youth soccer players, Güvenç et al., [61] showed that peak running distance, time, and 
velocity in the 20 m shuttle run test were not adversely affected during Ramadan. Likewise, 
the authors reported that blood lactate, heart rate, and ratings of perceived exertion were 
similar before and during Ramadan. In elite judo athletes, Chaouachi et al., [56] showed 
that Ramadan fasting did not affect performance measured during the squat jump, counter- 
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movement jump, 30 m sprint, and the multistage fitness tests. In karate players, Zarrouk 
et al., [15] reported that maximal voluntary contraction of the knee extensors and time 
to exhaustion at 75% of the maximal voluntary contraction were not adversely affected 
during Ramadan. Recently, Bouhlel et al., [62] investigated the effect of Ramadan fasting on 
short-term maximal performance during vertical jump and force-velocity tests in physical 
education students. The authors showed that the largest changes in fitness parameters 
occur during the first part of Ramadan with muscle power generally returning to pre- 
Ramadan levels by the end of the fasting month. 


Conversely, in soccer players, Kirkendall et al., [57] showed that athletic performance 
was greater during Ramadan in comparison with before Ramadan. Indeed, significant 
improvements in 7x30 m repeated sprint time, 10 m sprint time, counter-movement jump 
height, agility time during the 4-line agility test, and the running distance during a 20 m 
multistage shuttle run test were reported. However, the authors didn’t observe significant 
differences between the fasting and the non-fasting subjects and concluded that Ramadan 
had little effect on youth soccer players observing Ramadan fasting. In the same way, in 
trained subjects (2 wrestlers, 7 sprinters, and 1 thrower), Karli et al., [63] showed that peak 
and mean power during a 30 s Wingate test were not modified during Ramadan compared 
with before Ramadan, with an unchanged body mass throughout the study. 


The discrepancies between studies could be attributed to the different ways in which 
Ramadan is observed and the consequent lifestyle changes that occur [39]. Concerning 
lifestyle changes, it has been shown that during Ramadan, nocturnal sleep is short and 
daytime sleepiness is longer, with increased number and duration of daylight naps [64]. 
Therefore, during daylight hours, mood and the ability to optimally perform physical and 
mental activities decrease (Figure 1 [65]). In this context, the changes in individuals’ feeding 
habits as well as their sleep-wake patterns have been described as to affect their physiology 
and metabolism [65]. 
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Figure 1: Sleepiness and physical and social activities during Ramadan (drawn from data in [66]). 
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On the other hand, as Islamic calendar is lunar, Ramadan timing advances ~10- 
11 day/year during a 33 years cycle. Therefore, Ramadan could fall in every season at 
any latitude resulting in widely divergent durations of fast and climatic conditions [64]. 
Indeed, fasting demands in the summer heat of equatorial regions are very different from 
those during winter at high latitudes: the times of sunrise and sunset vary little across 
the seasons near the equator, but are very different between summer and winter near the 
earth’s poles [63]. As an example, for the start of Ramadan 2013 (9" of July), a daylight 
of 15 h 13 min in Doha (Qatar) is much shorter than the 18 h 07 min of daylight in an 
European Capital as Brussels (Belgium). Of course, if it comes to comparing two other 
cities with wider differences in location: closer to the Equator than Doha and closer to 
the North Pole than Brussels, even wider differences will represent a real challenge for 
enduring the long daylight of northern cities in the summer times. This illustrates the 
inter-locations differences that are encountered by fasting Muslims and might differently 
impact athletic performance. 


Moreover, one strategy adopted by coaches in an attempt to help athletes cope with 
training and Ramadan is to reduce the volume and intensity of training [67]. Inadvertently, 
this attempt may lead to an extended period of relative detraining that could negatively 
impact athletic performance during Ramadan. In this context, two studies showed that 
while the Ramadan performance was accompanied by decreased performance, it was also 
related to decreased training intensity [68,69]. This shows the importance of monitoring 
training load for any study related to Ramadan fasting in athletes, allowing appropriate 
interpretation of any eventual observed change in performance. 


Lastly, one of the factors that might impact the effect of Ramadan on athletic performance 
is the time of day of performance measurement. This variable will be treated in the next 
section. 


Effect of Ramadan fasting on the diurnal variation in athletic performance 


Studies that have examined the effect of Ramadan fasting on athletic performance 
present inconclusive results. As mentioned here above, these discrepancies could be 
explained by several factors such as lifestyle modifications (sleep, nutrition, etc.), training 
load variations, and time-of-day of testing. In this context, recent studies [16-19] showed 
that athletic performance was adversely affected during Ramadan in the afternoon, just 
before sunset (Table 1). However, athletic performance was maintained during Ramadan 
when physical tests were scheduled in the morning, some hours after sunrise [16-19] 
(Table 1). The testing sessions of Ramadan studies have been conducted on wide span 
of hours broadly ranging from 07:00 h to 18:00 h. Therefore, the interpretation of the 
results should take into consideration the timing of Iftar (fast break) with respect to the 
timing of testing. For example, a testing session conducted between 16:00 h and 17:00 
h represents an end-of fasting day when the Iftar is scheduled for 18:00 h, while it will 
shift to middle of afternoon for longer daylight with Iftar occurring after 21:00 h for 
instance. 
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Table 1: Effect of Ramadan fasting on the diurnal variations in athletic performance, oral temperature, and ratings of perceived 
exertion. 


P ax. Maximal Power during the Force-Velocity Test; F,: The Braking Force corresponding 
to Zero Velocity; V,: Maximal Velocity at Zero Braking Force; PP: Peak Power during the 
30 second Wingate Test; MP: Mean Power during the 30 second Wingate Test; FI: Fatigue 
Index during the 30 second Wingate Test; Wt: Total Work; P: Power Decrement; TD: 
Total Distance; HR,.: Maximal Heart Rate; RPE: Ratings of Perceived Exertion; T: Time 
to Exhaustion; MVC: Maximal Voluntary Contraction; RSA: Repeated Sprint Ability; BR: 
Before Ramadan; FWR: First Week of Ramadan; SWR: Second Week of Ramadan; ER: End 
Ramadan; AR: After Ramadan; NS: No-Significant; NR: Not-Reported. |: Decrement; Î: 


Increase 


Souissi et al., [19] investigated the effect of Ramadan fasting on the diurnal variation in 
short-term maximal performance. The authors recorded oral temperature, maximal power 
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during a force-velocity test, and peak and mean powers during a 30 s Wingate test at 07:00 
h, 17:00 h, and 21:00 h before Ramadan, during the second week of Ramadan, during the 
fourth week of Ramadan, and two weeks after Ramadan. During this study, the length of 
each fasting day was ~12-13 hours and Ramadan started on October 4 and ended on 
November 3", 2004, corresponding to Iftar times ranging 17:24 h to 17:44 h for the daylight 
timings of first and last days of Ramadan, respectively. 


The authors reported significant time-of-day effect on oral temperature, maximal power, 
peak power, and mean power before Ramadan. These diurnal variations were maintained 
during Ramadan for oral temperature with a reduction in the amplitude of the rhythm 
(0.9°C vs. 0.6°C before and during Ramadan, respectively). Moreover, this study showed 
that Ramadan fasting negatively affected the afternoon performance (i.e., at 17:00 h). 
However, no significant changes were observed in morning performance (Figure 2). This 
reduction in the evening performance affected the typical diurnal variation in short-term 
maximal performance observed before Ramadan. The performance decrement reported 
in the afternoon could be, in part, explained by the duration of fast. Indeed, during this 
investigation, subjects fasted from 01:30 h (end of Sohour time) resulting, therefore, in ~5-6 
hours of fast before the morning tests and ~15-16 hours of fast before the evening tests. 


—*— BR 
—8— SWR 

11.5 , 
—s— ER 
- -O= = AR 


10.5 


Poeak (W e kg h 


10 





9.5 


07:00 h 17:00 h 21:00 h 


Time of day (hours) 


Figure 2: Peak power (P eak) during a 30 s Wingate test recorded at ~07:00 h, 17:00 h, and 21:00 h Before Ramadan (BR), 
during the Second Week of Ramadan (SWR), at the End of Ramadan (ER), and two weeks After Ramadan (AR) (drawn from 
data in Souissi et al., [19]). 


In the same context, Chtourou et al., [17] investigated the effect of Ramadan fasting on 
the diurnal variations in muscle power and fatigue in soccer players. The authors recorded 
peak and mean power as well as the fatigue index during a 30 s Wingate test at 07:00 h and 
17:00 h before Ramadan and during the second and the fourth weeks of Ramadan. Moreover, 
ratings of perceived exertion were obtained immediately after the Wingate test. The study 
was carried out from August 11* to September 10", 2010 with a fasting duration of ~15-16 
hours per day. The authors reported higher muscle power and fatigue during the Wingate 
test before Ramadan at 17:00 h. However, these diurnal variations were maintained for 
the fatigue index (Figure 3) and disappeared during Ramadan by a decrease in the evening 
performance (i.e., there was no change in the morning performance). Furthermore, the 
authors showed an increase in ratings of perceived exertion during Ramadan in comparison 
with before Ramadan (Figure 3). Thus, the impairment in the evening performance during 
Ramadan could be, in part, explained by a higher muscle fatigue at this time-of-day in 
fasting conditions. 
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Figure 3: Fatigue Index (FI) and Rating of Perceived Exertion (RPE) scores recorded during a 30 second Wingate test at 
07:00 h and 17:00 h Before Ramadan (BR), during the Second Week of Ramadan (SWR) and at the End of Ramadan (ER) 
(drawn from data in Chtourou et al., [17]). c: significant time-of-day effect; f: significant Ramadan effect. 


Recently, Aloui et al., [16] investigated the effect of Ramadan fasting on the diurnal 
variation in performance during a Repeated Sprint Exercise (RSE: 5x6 s maximal cycle 
sprints interspersed with a 24 s passive recovery) as well as muscle fatigue induced by this 
exercise (i.e., power decrement and difference between Maximal Voluntary Contractions 
(MVC) recorded before, immediately and 5 min after the RSE). The authors measured oral 
temperature, MVC, and peak power and total work during the RSE, and recorded Ratings of 
Perceived Exertion (RPE) after exercise. Moreover, they calculated the percentage of power 
decrement during the RSE and the percentage of decrement in MVC from before to after 
the RSE. The tests were performed at ~07:00 h and 17:00 h before Ramadan, during the 
second week of Ramadan, at the end of Ramadan, and two weeks after Ramadan. The 
study was carried out when Ramadan began on August 11 and ended on September 10", 
2010 and the fasting duration was ~14-15 hours, with Iftar occurring at ~19:06 h and 
~18:40 h for the first and last days of Ramadan, respectively. During this study, subjects 
took their last meal at ~01:00-h AM Before Ramadan, Aloui et al., [16] showed that oral 
temperature, the first sprint’s peak power, resting maximal voluntary contraction, power 
decrement during RSE, and the difference between MVC measured before and after the RSE 
were time-of-day dependent with higher values observed at 17:00 h compared to 07:00 h. 
RPE scores obtained after the RSE were not significantly different between the two times-of- 
testing before Ramadan. During Ramadan, the diurnal variations in physical performances 


169 


disappeared by decreased muscle strength and power in the evening hours, while morning 
performance and fatigue were not adversely affected by Ramadan fasting. Moreover, this 
study showed a significant increase in RPE scores during Ramadan in the evening with values 
being significantly higher at 17:00 h compared to 07:00 h [16]. The authors concluded that 
Ramadan circadian rhythm alterations in core temperature, hypohydration, disturbances 
of the sleep-wake cycle, and fatigue may explain performance impairments reported in the 
afternoon during this month. The reduced body mass observed in the afternoon compared 
to the morning could be related to the hypohydration and could have contributed to the 
evening performance decrements. 


In conclusion, the diurnal rhythmicity of athletic performance typically observed before 
Ramadan tended to disappear during the fasting month by a decreased performance in 
the afternoon but not in the morning hours. However, the observed impairment in the 
afternoon performance is relatively small and could be explained by several factors such as 
the selection of the subjects (e.g., physical education students in the study of Souissi et al., 
[19] and soccer players in the studies of Hamouda et al., [18], Chtourou et al., [17], and Aloui 
et al., [16] and the timing of testing (exact time of day, and timing of testing during Ramadan 
with respect to the whole year’ training schedule). Indeed, during the studies of Hamouda 
et al., [18], Chtourou et al., [17], and Aloui et al., [16], test sessions were performed in the 
off-season period and the impairment of the afternoon performance could be explained by 
the reduced training load and/or detraining observed at this period. For any further studies 
on the circadian rhythm of performance measures during Ramadan, the present chapter’s 
authors advice to take into account: 


1. The body mass variations over the month and over the time-of-day, with special 
reference to fat free mass. 


2. The food and fluid intake, with related status of hydration (urine osmolarity 
measures, urine specific gravity measures and urine color monitoring). 


3. General physical activity and training load underwent by the subjects/athletes and 
their training status (amateurs, professionals, sub-elite, elite etc ...). 


4. The period of the year with respect to their training schedule. 
5. Body temperature variations over the day. 


6. Precise testing timing with respect to specific Ramadan moments referring to Sohour 
and Iftar times (and corresponding daylight at the place of the study). 


7. Measure general fatigue/recovery index as contained in some validated tests (e.g., 
Hooper index [70]) assessing perceived: 1- quality and quantity of sleep 2- stress, 3- DOMS 
(delayed onset muscle Soreness), and 4 — general fatigue. 


8. Assess training load and the rating of perceived exertion of the standardized testing 
sessions. 


Conclusion 


To date, the effect of Ramadan fasting on athletic performance is a subject of debate. 
Indeed, while some studies reported a significant negative effect of Ramadan on athletic 
performance, it is generally accepted that these changes are minor and typically observed 
when tests are conducted in the afternoon just before sunset. However, athletic performance 
has not been shown to be adversely affected when tests were scheduled in the morning 
hours. The main observed effects were that the morning-evening differences in athletic 
performance measured before Ramadan were reduced and/or suppressed during Ramadan. 


The effects of Ramadan fasting on athletic performance depend on several factors including 
training status, competition demands, environmental conditions, and fasting duration. 
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In view of the above considerations, coaches and if possible, sport event organizers should 
be aware of the effect of Ramadan fasting on Muslim athletes, although the scheduling 
of major competitions is determined by several factors (e.g. Medias, etc). Moreover, the 
selection of the competition period during the daytime requires consideration especially 
in events when competitions are held on successive days or when multiple competitions 
are held on a single day. Fasting athletes who are training or competing should minimize 
disruptions of their lifestyle during Ramadan by following some of the recommendations 
published elsewhere [64,73]. 


References 


1. SouissiN, Zouita A, Chtourou H, Ferchichi H, Dziri C, et al. (2013) The effect of Ramadan intermittent fasting on 
dynamic postural control in judo athletes. Biological Rhythm Research. DOI: 10.1080/09291016.2013.787759 


2. Souissi N, Chtourou H, Zouita A, Dziri C, Souissi N (2013) Effects of Ramadan intermittent fasting on postural 
control in judo athletes. Biological Rhythm Research 44: 237-244. 


3. Aloui A, Chtourou H, Hammouda O, Chaouachi A, Chamari K, et al. (2013) The challenge of rapid weight loss 
prior to competition for Muslim combat sport athletes during Ramadan. Biological Rhythm Research. DOI: 
10.1080/09291016.2013.780698 


4. El-Khatib AH, Tolbert TA and Mclilvain GE (2012) Participation of Muslim Athletes During the Month of 
Ramadan. International Journal of Athletic Therapy & Training 17: 41-45. 


5. Wilson D, Drust B, and Reilly TR (2009) Is diurnal lifestyle altered during Ramadan in professional Muslim 
athletes? Biological Rhythm Reserach 40: 385-397. 


6. Maughan RJ (2010) Fasting and sport: an introduction. Br J Sports Med 44: 473-475. 


7. Laraqui CH, Tripodi D, Laraqui O, Rahhali A, Caubet A, et al. (2001) The effects of fasting and of the quality 
of sleep on work during the month of Ramadan. Archives des Maladies Professionnelles de Médecine du 
Travail 62: 115-120. 


8. Roky R, Chapotot F, Hakkou F, Benchekroun MT, Buguet A (2001) Sleep during Ramadan intermittent 
fasting. J Sleep Res 10: 319-327. 


9. Bahammam A (2006) Does Ramadan fasting affect sleep? Int J Clin Pract 60: 1631-1637. 


10. Abedelmalek S, Souissi N, Chtourou H, Denguezli M, Aouichaoui C, et al. (2013) Effects of partial sleep 
deprivation on proinflammatory cytokines, growth hormone, and steroid hormone concentrations during 
repeated brief sprint interval exercise. Chronobiol Int 30: 502-509. 


11. HajSalem M, Chtourou H, Aloui A, Hammouda O, Souissi N (2013) Effects of partial sleep deprivation 
at the end of the night on anaerobic performances in judokas. Biological Rhythm Research. DOI: 
10.1080/09291016.2012.756282 


12. Rebaï H, Chtourou H, Zarrouk N, Harzallah A, Kanoun I, et al. (2013) Reducing resistance training volume 
during Ramadan improves muscle strength and power in football players. International Journal of Sports 
Medicine. 


13. Aloui A, Chtourou H, Masmoudi L, Chaouachi A, Chamari K, et al. (2012) Effects of Ramadan fasting on male 
judokas’ performances in specific and non-specific judo tasks. Biological Rhythm Research 44: 645-654. 


14. Chtourou H, Hammouda O, Souissi H, Chamari K, Chaouachi A, et al. (2011) The effect of ramadan fasting 
on physical performances, mood state and perceived exertion in young footballers. Asian J Sports Med 2: 
177-185. 


15. Zarrouk N, Hug F, Hammouda O, Rebai H, Tabka Z, et al. (2013) Effect of Ramadan intermittent fasting 
on body composition and neuromuscular performance in young athletes: a pilot study. Biological Rhythm 
Research. DOI: 10.1080/09291016.2012.730891 


16. Aloui A, Chaouachi A, Chtourou H, Wong del P, Haddad M, et al. (2013) Effects of Ramadan on the diurnal 
variations of repeated-sprint performances. Int J Sports Physiol Perform 8: 254-262. 


17. Chtourou H, Hammouda O, Chaouachi A, Chamari K, Souissi N (2012) The effect of time-of-day and 
Ramadan fasting on anaerobic performances. Int J Sports Med 33: 142-147. 


171 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


172 


Hammouda O, Chtourou H, Farjallah MA, Davenne D, and Souissi N (2012) The effect of Ramadan fasting 
on the diurnal variations in aerobic and anaerobic performances in Tunisian youth soccer players. Biological 
Rhythms Research 43: 177-190. 


Souissi N, Souissi H, Sahli S, Tabka Z, Dogui M, et al. (2007) Effect of Ramadan on the diurnal variation in 
short-term high power output. Chronobiol Int 24: 991-1007. 


Chtourou H, Aloui A, Hammouda O, Chaouachi A, Chamari K et al. (2013) The effect of time-of-day 
and judo match on short-term maximal performances judokas. Biological Rhythm Research. DOI: 
10.1080/09291016.2012.756269 


Chtourou H, Chaouachi A, Driss T, Dogui M, Behm DG, et al. (2012) The effect of training at the same time 
of day and tapering period on the diurnal variation of short exercise performances. J Strength Cond Res 26: 
697-708. 


Chtourou H, Chaouachi A, Hammouda O, Chamari K, Souissi N (2012) Listening to music affects diurnal 
variation in muscle power output. Int J Sports Med 33: 43-47. 


Chtourou H, Zarrouk N, Chaouachi A, Dogui M, Behm DG, et al. (2011) Diurnal variation in Wingate-test 
performance and associated electromyographic parameters. Chronobiol Int 28: 706-713. 


Chtourou H, Driss T, Souissi S, Gam A, Chaouachi A, et al. (2012) The effect of strength training at the same 
time of the day on the diurnal fluctuations of muscular anaerobic performances. J Strength Cond Res 26: 
217-225. 


Chtourou H, Hammouda O, Souissi H, Chamari K, Chaouachi A, et al. (2012) Diurnal variations in physical 
performances related to football in young soccer players. Asian J Sports Med 3: 139-144. 


Chtourou H, Souissi N (2012) The effect of training at a specific time of day: a review. J Strength Cond Res 
26: 1984-2005. 


Chtourou H, Hammouda O, Aloui A, Chaabouni K, Makni-Ayedi F, et al. (2013) The effect of time of day on 
hormonalresponsestoresistance exercise. Biological Rhythm Research. DOI: 10.1080/09291016.2013.805909 


Hammouda O, Chtourou H, Chahed H, Ferchichi S, Kallel C, et al. (2011) Diurnal variations of plasma 
homocysteine, total antioxidant status, and biological markers of muscle injury during repeated sprint: effect 
on performance and muscle fatigue--a pilot study. Chronobiol Int 28: 958-967. 


Jarraya M, Jarraya S, Chtourou H, Souissi N (2013) The effect of the partial sleep deprivation on the reaction 
time and the attentionall capacities of the handball goalkeeper. Biological Rhythm Research 44: 503-510. 


Jarraya S, Jarraya M, Chtourou H, Souissi N (2013) Diurnal variations on cognitive performances in handball 
goalkeepers. Biological Rhythm Research. DOI: 10.1080/09291016.2013.811032 


Jarraya S, Jarraya M, Chtourou H, Souissi N (2013) Effect of time of day and partial sleep deprivation on the 
reaction time and the attentional capacities of the handball goalkeeper. Biological Rhythm Research. DOI: 
10.1080/09291016.2013.787685 


Atkinson G, Coldwells A, Reilly T, Waterhouse J (1993) A comparison of circadian rhythms in work 
performance between physically active and inactive subjects. Ergonomics 36: 273-281. 


Souissi N, Gauthier A, Sesboue B, Larue J, Davenne D (2004) Circadian rhythms in two types of anaerobic 
cycle leg exercise: force-velocity and 30-s Wingate tests. Int J Sports Med 25: 14-19. 


Hammouda O, Chtourou H, Chahed H, Ferchichi S, Chaouachi A, et al. (2012) High intensity exercise affects 
diurnal variation of some biological markers in trained subjects. Int J Sports Med 33: 886-891. 


Souissi M, Chtourou H, Hdidar R, Azaeiz R, Dogui M, et al. (2012) Effects of three types of chronobiotics on 
anaerobic performances and their diurnal variations. Biological Rhythm Research 44: 245-254. 


Souissi M, Abedelmalek S, Chtourou H, Atheymen R, Hakim A, et al. (2012) Effects of morning caffeine’ 
ingestion on mood States, simple reaction time, and short-term maximal performance on elite judoists. Asian 
J Sports Med 3: 161-168. 


Souissi N, Chtourou H, Aloui A, Hammouda O, Dogui M, et al. (2013) Effects of Time-of-Day and Partial Sleep 
Deprivation on Short-Term Maximal Performances of Judo Competitors. J Strength Cond Res 27: 2473-2480. 


Souissi H, Chtourou H, Chaouachi A, Dogui M, Chamari K, et al. (2012) The effect of training at a specific 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


time-of-day on the diurnal variations of short-term exercise performances in 10- to 11-year-old boys. Pediatr 
Exerc Sci 24: 84-99. 


Hammouda O, Chtourou H, Chaouachi A, Chahed H, Bellimem H, et al. (2013) Time-of-day effects on 
biochemical responses to soccer-specific endurance in elite Tunisian football players. J Sports Sci 31: 963- 
971. 


Souissi M, Chtourou H, Zrane A, Ben Cheikh R, Dogui M, et al. (2012) Effect of time-of-day of aerobic 
maximal exercise on the sleep quality of trained subjects. Biological Rhythm Research 43: 323-330. 


Hammouda O, Chtourou H, Chahed H, Ferchichi S, Kallel C, et al. (2011) Diurnal variations of plasma 
homocysteine, total antioxidant status, and biological markers of muscle injury during repeated sprint: effect 
on performance and muscle fatigue--a pilot study. Chronobiol Int 28: 958-967. 


Zarrouk N, Chtourou H, Rebai H, Hammouda O, Souissi N, et al. (2012) Time of day effects on repeated sprint 
ability. Int J Sports Med 33: 975-980. 


Zarrouk N, Chtourou H, Zarrouk I, Rebai H, Tabka Z, et al. ( 2012) Variations diurnes des performances en 
natation : effet de la température de l’eau. Science & Sports. 27:101—106. 


Chtourou H, Hammouda O, Aloui A, Souissi N (2013) Effect of time-of- day on muscle fatigue: a review. J Nov 
Physiother 3: 160. doi:10.4172/2165- 7025.1000160 


Lericollais R, Gauthier A, Bessot N, Sesboué B, Davenne D (2009) Time-of-day effects on fatigue during a 
sustained anaerobic test in well-trained cyclists. Chronobiol Int 26: 1622-1635. 


Lericollais R, Gauthier A, Bessot N, Davenne D (2011) Diurnal evolution of cycling biomechanical parameters 
during a 60-s Wingate test. Scand J Med Sci Sports 21: 106-114. 


Souissi H, Chtourou H, Chaouachi A, Chamari K, Souissi N, et al. (2012) Time-of-day effects on EMG 
parameters during the Wingate test in boys. Journal of Sports Science and Medicine 11: 380-386. 


Racinais S, Perrey S, Denis R, Bishop D (2010) Maximal power, but not fatigability, is greater during repeated 
sprints performed in the afternoon. Chronobiol Int 27: 855-864. 


Deschenes MR, Sharma JV, Brittingham KT, Casa DJ, Armstrong LE, et al. (1998) Chronobiological effects 
on exercise performance and selected physiological responses. Eur J Appl Physiol Occup Physiol 77: 249- 
256. 


Dalton B, McNaughton L, Davoren B (1997) Circadian rhythms have no effect on cycling performance. Int J 
Sports Med 18: 538-542. 


Edwards BJ, Edwards W, Waterhouse J, Atkinson G, Reilly T (2005) Can cycling performance in an early 
morning, laboratory-based cycle time-trial be improved by morning exercise the day before? Int J Sports Med 
26: 651-656. 


Bessot N, Moussay S, Gauthier A, Larue J, Sesboue B, et al. (2006) Effect of pedal rate on diurnal variations 
in cardiorespiratory variables. Chronobiol Int 23: 877-887. 


Abedelmalek S, Chtourou H, Aloui A, Aouichaoui C, Souissi N, et al. (2013) Effect of time of day and partial 
sleep deprivation on plasma concentrations of IL-6 during a short-term maximal performance. Eur J Appl 
Physiol 113: 241-248. 


Abedelmalek S, Chtourou H, Souissi N, Tabka Z (2013) Effect of time-of-day and racial variation on short- 
term maximal performance. Biological Rhythm Research. DOI: 10.1080/09291016.2012.756261 


Chtourou H, Aloui A, Hammouda O, Chaouachi A, Chamari K, et al. (2013) Effect of static and dynamic 
stretching on the diurnal variations of jump performance in soccer players. PLoS One 8: 70534. 


Chaouachi A, Coutts AJ, Chamari K, Wong del P, Chaouachi M, et al. (2009) Effect of Ramadan intermittent 
fasting on aerobic and anaerobic performance and perception of fatigue in male elite judo athletes. J Strength 
Cond Res 23: 2702-2709. 


Kirkendall DT, Leiper JB, Bartagi Z, Dvorak J, Zerguini Y (2008) The influence of Ramadan on physical 
performance measures in young Muslim footballers. J Sports Sci 26: 15-27. 


Aloui A, Chtourou H, Hammouda O, Souissi H, Chaouachi A, et al. (2013) Effects of Ramadan on the diurnal 
variations of physical performance and perceived exertion in adolescent soccer players. Biological Rhythm 


173 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


174 


Research. DOI: 10.1080/09291016.2013.780697 


Chaouachi A, Leiper JB, Souissi N, Coutts AJ, Chamari K (2009) Effects of Ramadan intermittent fasting on 
sports performance and training: a review. Int J Sports Physiol Perform 4: 419-434. 


Chaouachi A, Leiper JB, Chtourou H, Aziz AR, Chamari K (2012) The effects of Ramadan intermittent fasting 
on athletic performance: recommendations for the maintenance of physical fitness. J Sports Sci 30: 53-73. 


Guveng A (2011) Effects of ramadan fasting on body composition, aerobic performance and lactate, heart 
rate and perceptual responses in young soccer players. J Hum Kinet 29: 79-91. 


Bouhlel H, Shephard RJ, Gmada N, Aouichaoui C, Peres G, et al. (2013) Effect of Ramadan observance on 
maximal muscular performance of trained men. Clin J Sport Med 23: 222-227. 


Karli U, Guveng A, Aslan A, Hazir T and Acikada C (2007) Influence of Ramadan fasting on anaerobic 
performance and recovery following short time high intensity exercise. Journal of Sports Science and 
Medicine 6: 490-497. 


Maughan RJ, Zerguini Y, Chalabi H, Dvorak J (2012) Achieving optimum sports performance during Ramadan: 
some practical recommendations. J Sports Sci 30: 109-117. 


Roky R, Chapotot F, Benchekroun MT, Benaji B, Hakkou F, et al. (2003) Daytime sleepiness during Ramadan 
intermittent fasting: polysomnographic and quantitative waking EEG study. J Sleep Res 12: 95-101. 


Waterhouse J, Alabed H, Edwards B and Thomas R (2009) Changes in sleep, mood and subjective and 
objective responses to physical performance during the daytime in Ramadan. Biological Rhythm Research 
40: 367-383. 


Singh R, Hwa OC, Roy J, Jin CW, Ismail SM, et al. (2011) Subjective Perception of Sports Performance, 
Training, Sleep and Dietary Patterns of Malaysian Junior Muslim Athletes during Ramadan Intermittent 
Fasting. Asian J Sports Med 2: 167-176. 


Meckel Y, Ismaeel A, Eliakim A (2008) The effect of the Ramadan fast on physical performance and dietary 
habits in adolescent soccer players. Eur J Appl Physiol 102: 651-657. 


Zerguini Y, Kirkendall D, Junge A, Dvorak J (2007) Impact of Ramadan on physical performance in professional 
soccer players. Br J Sports Med 41: 398-400. 


Hooper SL, Mackinnon LT, Howard A, Gordon RD, Bachmann AW (1995) Markers for monitoring overtraining 
and recovery. Med Sci Sports Exerc 27: 106-112. 


Roky R, Iraki L, HajKhlifa R, Lakhdar Ghazal N, Hakkou F (2000) Daytime alertness, mood, psychomotor 
performances, and oral temperature during Ramadan intermittent fasting. Ann Nutr Metab 44: 101-107. 


Aziz AR, Chia MY, Low CY, Slater GJ, Png W, et al. (2012) Conducting an acute intense interval exercise 
session during the Ramadan fasting month: what is the optimal time of the day? Chronobiol Int 29: 1139-1150. 


Kirkendall DT, Chaouachi A, Aziz AR, Chamari K (2012) Strategies for maintaining fitness and performance 
during Ramadan. J Sports Sci 30: 103-108. 


ISBN: 978-1-63278-030-0 
DOI: http://dx.doi.org/10.4172/978-1-63278-030-0-031-020 


Yy 
OMICSER 


Chapter 20 
Injury Rate during Ramadan 
Karim Chamari*'?, Monoem Haddad??, Hamdi Chtourou’, Christopher 
Herrera’ and Cristiano Eirale* 
‘Research and Education Department, ASPETAR, Qatar Orthopaedic and Sport 
Medicine Hospital, Doha, Qatar 
?Tunisian Research Laboratory “Sport Performance Optimization”, National Center of 
Medicine and Science in Sports (CNMSS), Tunis, Tunisia 
University of Jandouba, ISSEP Kef, Tunisia 
4Sport Medicine Department, ASPETAR, Qatar Orthopaedic and Sport Medicine 
Hospital, Doha, Qatar 
*Corresponding author: Professor Karim Chamari, Doctor in Exercise 
Physiology, Research Scientist, Research & Education Centre, ASPETAR, P.O. 
Box 29222, Doha, Qatar, Tel: (+974) 3318 6096; Fax: +(974) 441 32020; E-mail: 
www.aspetar.com 
Introduction 


Injury surveillance studies are an integral part in the effort to protect athletes’ health in 
various sports activities. Furthermore, injury risk is a major concern for athletes and clubs 
in terms of health, safety, performance, and cost. Data in scientific literature must be made 
available through an effective injury surveillance system, and therefore better knowledge of 
the factors that affect injury will always be needed. There is also a need to identifying the 
injury risks and their respective dependent and independent variables, which are expected 
to differ in each specific population. Therefore epidemiological and etiological injury data for 
various sport activities need to be captured. 


Investigations describing injury risk and patterns are usually conducted over seasons 
of European, Asian or American Leagues [1-3] obviously out of holy month of Ramadan or 
without taking into account the intermittent fasting occurring during Ramadan. 


To our knowledge, only two studies [4,5] have focused on the injury-rates of Muslim 
athletes during the holy month of Ramadan. More specifically, these studies focused on 
soccer’ injuries in order to improve the knowledge in that field in view of the preparation 
for the Olympics 2012 and the FIFA World Cup 2014 being organized during the Ramadan 
period. In this context, there is a debate on the possible effects of fasting and the other 
modifications of life pattern during Ramadan on injury risks. The present chapter is therefore 
focused on the effects of Ramadan on the injury rates in soccer, pending other studies to be 
conducted in other sport activities. 


The main aim of the present book chapter is to present and discuss the athletes’ injury 
rate during Ramadan and its related possible causes. It is hoped that by providing such 
analysis, coaches and scientists will better understand the impact of Ramadan fasting and 
choose an efficient planning and manipulation of the player’s internal training load and life- 
style modifications during the Ramadan period to try to reduce the players’ risks of injuries. 


Effects of Ramadan Fasting on Health and Athletic Performance 
Edited by: Dr. Hamdi Chtourou 
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Ramadan Characteristics 


During Ramadan, fasting Muslims do not eat, drink, smoke, or have sexual activities 
daily from dawn (Sahur) to sunset (Iftar). Since the Islamic Calendar is based on the lunar 
cycle, which advances 11 days each year compared with the standard Gregorian calendar, 
Ramadan falls at different times of the seasonal year over a 33 year cycle [6]. This implies 
that Ramadan occurs at different environmental conditions between years in the same 
country [7,8]. Furthermore, depending on the seasonal and geographical conditions, fasting 
may vary from ~11 to ~18 hours per day. 


It is supposed that most Muslim soccer players fast during Ramadan, even if some 
exceptions are observed. Ramadan fasting is intermittent in nature, and there is no 
restriction to the amount of food or fluid that can be consumed after dusk and before dawn. 
Therefore, since the international sporting calendar is not adapted for religious observances, 
and Muslim soccer players continue to compete and train during Ramadan, various studies 
have determined whether this religious fast has any effect on athletic performance [6] and 
cognitive functions [9,10]. These have suggested that only few aspects of physical fitness are 
negatively affected, and only modest decrements are observed when physical performance 
is considered on the basis of fitness testing [6]. The evidence to date indicates that high- 
level athletes can maintain most of the performance measures during Ramadan if physical 
training, diet, and sleep are well controlled. Nevertheless, despite this, fasting athletes have 
reported higher fatigue feelings at the end of Ramadan [6,11]. This could have a possible 
effect on injury rate during or at the end of the month of Ramadan. 


The increased perception of fatigue reported at the end of Ramadan fasting and the 
combination of intense training with altered carbohydrate intake, hydration-status, and 
sleeping pattern may place fasting Muslim athletes at greater risk of overreaching or 
overtraining [12,13] which could result in physical injury specifically overuse injuries [14]. 
Most previous studies determined whether the holy month of Ramadan has any detrimental 
effect on performance and cognitive functions, but to our knowledge, only the studies of 
Chamari et al., [4] and Ejirale et al., [5] have examined the impact of the month of Ramadan 
and its specific socio-cultural and religious environment on the injury rates of professional 
soccer players. The first was a pilot study while the second was a prospective cohort study. 
Both of them presented results on the injury rates between fasting and non-fasting players 
within teams before, during, and after the month of Ramadan in professional football teams 
during consecutive seasons. 


Studies Conditions 


The study of Chamari et al., [4] was carried out during two consecutive seasons to 
investigate the injury rates senior professional soccer players in Tunisia. For this study, 
fasting status was determined only at the end of the Ramadan month using a personal 
interview with each player and discrete cross-checking with the player’s team-mates and 
whenever possible with family members and/or friends. The players were retrospectively 
organized into fasting and non-fasting groups based on this information. The fasting group 
consisted of all players who fasted throughout the Ramadan month and the non-fasting 
group consisted of players who opted not to fast throughout the Ramadan month for both 
training and match days. All Muslim players who fasted in the study of Chamari et al., 
[4] had practiced the fast during Ramadan for at least the previous 7 years. Goalkeepers 
were included in the study. The studied team was competing at the highest level in the 
Tunisian first league and also participated in the African Cup of teams (CAF Cup) during 
the second season of the study. During this study, Ramadan occurred from 10“ August to 
11% of September 2010 and from 1* to 30" of August 2011, respectively, where the daily 
fast occurred from ~04 h to ~19.15 h, for a total fasting duration of ~15h 15min. All players 
were monitored for 4 weeks before Ramadan, for the month of Ramadan (4 weeks), and 4 
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weeks after Ramadan in each year. Training loads using the RPE-method [15], Hooper index 
[16] fi.e., Sum of individual’s subjective well-being ratings relative to fatigue, stress, delayed 
onset muscle soreness (especially “heavy” legs), and sleep quality/disorders}, and injuries 
were monitored in 42 professional soccer players (age, 24 + 4 years; height, 185 + 8 cm; 
body mass, 78 + 4 kg). 


The prospective cohort study of Eirale et al., [5] was conducted during 3 consecutive 
seasons beginning in August 2008 and ending in April 2011 within male professional 
footballers from the Qatar Stars League (QSL) which is the senior professional first division 
football league in Qatar. According to the authors, the number of first division clubs 
increased from 10 to 12 after 2009. In Qatar, the soccer season lasts from July to April. 


During both of the study of Chamari et al., [4] and Eirale et al., [5], injury data were 
considered when a player was unable to fully participate in any future soccer training 
sessions or matches owing to physical complaints [17]. Information about mechanism of 
injury (contact or noncontact), their etiology (acute trauma or overuse) and circumstances 
(training or match injury) were documented. 


In this context, a traumatic injury refers to an injury resulting from a specific identifiable 
event, whereas an overuse injury was defined as an injury caused by repeated microtrauma 
without a single identifiable event responsible for the injury. Recurrent injuries were defined 
as an injury of the same diagnosis and at the same site, which occurred after a player’s full 
return to participation from the same injury within a 2-month period. Injury severity was 
determined by the number of days of absence from games or training sessions due to injury 
and was further classified as mild (i.e., 1 to 3 days), minor (i.e., 4 to 7 days), moderate (i.e., 
8 to 28), or severe injury (i.e., >28 days) [17]. 


During Ramadan, any game time between sunrise and sunset is generally avoided. 
Therefore, during the two studies [4,5], training sessions and matches were performed at 
least 2 to 3 hours after sunset (and thus iftar), allowing athletes to adequately replenish 
and rehydrate before starting sport activity. More specifically, during the study of 
Chamari et al., [4] training sessions and matches were performed after dusk (starting at 
22 h) during Ramadan, while before and after Ramadan the sessions and matches were 
scheduled in the afternoon (starting at 15 or 16 h) and sometimes in the morning for 
training (for the days in which 2 training sessions were scheduled, starting at 09.30 h). 
It has to be noted that these double sessions’ days remained exceptional. Also during the 
study of Ejirale et al., [5], all clubs trained after sunset during Ramadan in all 3 seasons 
with absolutely no daytime football activity. Table 1 adapted from the prospective cohort 
study of Eirale et al., [5], shows the dates in which Ramadan occurred throughout the 
3 seasons. 


Season 2008 to 2009 2009 to 2010 2010 to 2011 
Start Date September 1, 2008 August 22, 2009 August 11, 2010 
End Date September 30, 2008 September 20, 2009 September 9, 2010 


Table 1: Ramadan Time Frame for the three Seasons controlled according to Eirale et al., [5]. 


Chamari et al., [18] have more monitored ambient temperature, atmospheric pressure, 
and relative humidity which were measured for each training session (Table 2). 


The duration of data collection over a 3 year period in the study of Ejirale et al., [5] was 
limitation for this study. Ramadan falls on different months of the year over a 33 year 
cycle because it shifts 1 to 2 weeks earlier each year [19]. This seasonal shift impacts 
the environmental conditions, and the length of the daytime fasting period cannot be 
controlled. Injury data from Ramadan occurring in all year periods, would permit the 
elimination of potential bias arising from seasonal variation of injuries, as previously 
shown in soccer [20]. 
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Year Ambient temperature (C°) Atmospheric pressure (mmHg) Relative humidity (%) 


2010 28.83 (1.72) 1012.33 (2.25) 44.00 (5.02) 
Before Ramadan 

2011 31.31 (5.38) 1011.38 (3.10) 39.15 (13.61) 

2010 27.60 (4.04) 1014.20 (2.05) 55.80 (8.44) 
Ramadan 

2011 24.50 (1.29) 1014.50 (2.65) 64.50 (6.56) 

2010 25.25 (2.06) 1014.00 (3.83) 61.50 (8.66) 
After Ramadan 

2011 28.50 (1.29) 1013.25 (3.10) 63.25 (8.54) 


Values are mean (SD) 


Table 2: Environmental conditions, table adapted from the study of Chamari et al., [4]. 


Monitoring of Training Loads and Overtraining 


During the prospective cohort study of Eirale et al., [5], only the training sessions’ duration 
was recorded due to the study design. However, Eirale et al., [5] supposed that intensity 
may potentially be adjusted by coaches to avoid injuries, becoming a possible confounding 
factor. No prospective data collection of actual dietary, sleep habits, body composition, and 
training characteristics were present in this study. These factors might potentially have had 
their influences and authors recommended to examine them in future studies. 


On other hand, in the study of Chamari et al., [4], daily individual training load was 
calculated using Foster’s session-RPE procedure [21]. This method involves multiplying the 
training duration in minutes by the mean training intensity. As the players involved were 
all French speaking subjects, the session-RPE scale was based on the validated French 
translation of the Borg category ratio (CR-10) [18], which converts the player’s perception of 
effort into a numerical score between O and 10. This method has been validated previously 
in soccer by Impellizzeri et al., [15]. Practically, the player is asked to respond to a simple 
question — How was your workout? — with the aim of obtaining an uncomplicated response 
that reflects the athlete’s global impression of the workout. All players were familiarized 
with this scale for at least one month before the start of the study and followed standardized 
instructions for session-RPE assessments. Each player’s session - RPE was collected 
approximately 20-30 min after each soccer training session and match to ensure that the 
perceived exertion referred to the whole training session and match rather than the most 
recent (end-of session) exercise intensity [15]. 


Overtraining syndrome was monitored by Hooper’s Index [16]. This method is based on 
self-analysis questionnaires involving well-being ratings relative to fatigue, stress, delayed- 
onset muscle soreness (especially “heavy” legs), and sleep quality/disorders [16]. 


Before each training session and match, the players were asked to rate subjective quality 
of sleep, and quantity of stress, delayed-onset muscle soreness, and fatigue on a scale of 
1-7 in accordance with Hooper and Mackinnon (1995) [16]. Hooper’s Index is the sum of the 
four subjective ratings. Recently, Haddad et al., [22,23] have shown the absence of possible 
influence of the Hooper’s Index and duration on RPE in professional soccer. Therefore, it is 
recommended that future studies use both the Hooper’s index and session-RPE method as 
independent tools to closely monitor the players’ training loads [4]. 


In that study [4], dietary composition was not assessed but body composition did not 
significantly change over the monitored months. 
Injury Rates 


During both studies [4,5] injury rate was calculated as the ratio of the number of injuries 
per hour of exposure and expressed as the rate per 1000 hours. 


The first study [4] has shown that rates of non-contact injuries and overuse injuries were 
significantly higher during training in fasting players during the two months of Ramadan 


178 


monitored with 84.21% out of total injuries observed, compared with before and after the 
holy month with only 22.22% of total muscle injuries in both cases. 


For these two months of Ramadan [4], the overuse injuries were distributed as follows: 
muscle spasms (contractures) 43.75%, tendinopathy 43.75%, and muscle strains (one tear 
at the hamstrings and one strain at the thigh-adductors) 12.5%. The 7 contractures were 
located at the hamstrings (42.86%), calf muscles (28.57%), thigh-adductors (14.29%), and 
knee extensors (14.29%). The tendinopathy injuries were located at the thigh-adductors 
(42.86%) and foot quadriceps (14.29%), with the remaining tendinopathy injuries (42.86%) 
located at the abdomen and pelvis. The foremost result of the study of Chamari et al., [4] was 
the absence of significant difference between non-fasting and fasting players with regard to 
general injury rates, while the training overuse injury rates were significantly higher during 
Ramadan than before and after-Ramadan periods for the fasting players (Table 3). Overall, 
during the fasting months, only one goalkeeper got one injury in a traumatic training injury 
(ankle sprain) about three weeks before Ramadan. 


Before Ramadan * Ramadan * After Ramadan * 
Fasting Non-Fasting Fasting Non-Fasting Fasting Non-Fasting 
miwa 3.3 1.7 8.1 3.9 4.5 1.6 
jury (-0.3-6.8) (-1.9-5.2) (4.5-11.6) (0.3-7.4) (0.9-8.1) (-2.0-5.1) 
Rate otcdntactihr 2.7 1.1 1.3 0.7 3.4 1.6 
Jury (-0.9-6.3)  (-2.5-4.7)  (-2.3-4.9)  (-2.9-4.3)  (-0.2-7.0) (-2.1-5.1) 
Rate of non-contact inju 0.6 oe oe T D 
jury (-2.2-3.3) (-2.2-3.3) (4.0-9.5) (0.4-5.9) (-1.7-3.9) (-2.8-2.8) 
Rate of contact injury during matches He T1 Oe o a A 
(-0.8-4.1) (-1.3-3.5) (-1.7-3.2) (-1.7-3.2) (-0.3-4.5) (-2.4-2.4) 
Rate of overuse injury during matches : 7 14 , oe l 
(-1.3-1.3) (-1.3-1.3) (-0.1-2.4) (-1.3-1.3) (-0.7-1.8) (-1.3-1.3) 
Rate of contact injury during training oe 9 0 0 fa e 
(-0.9-3.1) (-2.0-2.0) (-1.4-2.6) (-2.0-2.0) (-0.7-3.3) (-0.4-3.5) 
Rate of overuse injury during training res Roa oe ra 0 
(-1.1-2.2) (-1.1-2.2) (4.0-7.2) (1.5-4.8) (-1.1-2.2) (-1.6-1.6) 


Table 3: Comparisons of injury rates in fasting and non-fasting players for the two monitored seasons [4]. 
*each period consisted of 4 weeks respectively in each of the two studied seasons. 
> significantly higher than before and after-Ramadan. 
Note: values in bracket are 95% confidence intervals. 


In the study of Eirale et al., [5], total exposure for the 3 consecutive seasons was 164 434 
hours (included 145 734 hours for Muslims); match exposure was 22 206 hours (included 
19 242 hours for Muslims); training exposure was 142 230 hours (included 126 492 hours 
for Muslims). Here it has to be noted that Eirale et al., [5] named “Muslims” the fasting 
players and that non-Muslims were non-fasting players. 


Total exposure during Ramadan was 17 009 hours, 15 237 hours for Muslim soccer 
players. Match exposure was 1695 hours (included 1442 hours for Muslims) and training 
exposure was 15 313 (included 13 795 hours for Muslims). Mean monthly exposure in the 
non-Ramadan period was 12 285 hours (included 10 875 hours for Muslims). From the 
527 players assessed during the study of Eirale et al., [5], 403 reported at least 1 injury, 
with a total of 826 injuries (364 during matches and 462 during training sessions), leading 
to injury rate of 4.97/1000 hours (95% CI, 4.6-5.3). Match injury rate was higher than 
training [16.4/1000 hours (95% CI, 14.8-18.2) vs 3.1/1000 hours (95% CI, 2.9-3.5); P < 
0.001, respectively]. A total of 77 injuries were observed during Ramadan, of which 36 (47%) 
occurred during match play and 41 (53%) during training sessions. 


Figure 1 shows total, match, and training injury incidence during Ramadan and out- 
Ramadan periods according to Eirale et al., [5]. During this study, no significant difference 
was found between the 2 periods monitored (i.e., Ramadan and out of Ramadan). These 
results are consistent with those shown by Chamari et al., [4]. Obviously, injury rates 
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during matches was significantly higher than training rate during both Ramadan and out- 
Ramadan periods during the study of Eirale et al., [5]. 
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Figure 1: Injury incidence with upper 95% CI during training [5]. 


Total, match, and training injury rate during the Ramadan and out-Ramadan months, 
considering Muslim and non-Muslim soccer players separately are shown in Figure 2 
according to Eirale et al., [5]. Total, match, and training injury rates were not different for 
Ramadan compared to the rest of the season in both Muslim and non-Muslim players. 
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Figure 2: Injury incidence with upper 95% CI in Muslim and non- Muslim groups for training and matches during Ramadan 
and out- Ramadan periods [5]. 


It is spectacular to know that a significantly total higher risk of injury was observed during 
the study of Eirale et al., [5] with Non-Muslim soccer players compared to Muslim soccer 
players throughout the season (i.e., both during Ramadan and out-Ramadan periods). This 
increase of injury rate was only demonstrated during matches, not during training settings. 
It may be speculated that these findings are related to age, an intrinsic risk factor, which is 
known to affect the risk of injury in footballers [24-26]. Indeed, the non-Muslims (29.2 + 4.6 
years) were on average older than Muslims (26.5 + 4.6 years) in the study of Eirale et al., [5]. 


Eirale et al., [5] have shown that the probability of match injury among non-Muslims was 
the highest in Ramadan (3 times high risk of match injury) and the 2 consecutive months after. 
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According to Eirale et al., [5], Muslim players demonstrated a uniform rate throughout 
each month of the Islamic calendar. Adjusted odds ratio of injury among non-Muslims 
compared with Muslims was 3.7 (95% CI, 1.7-7.9, P = 0.001) during Ramadan (ninth) 
month, 2.4 (95% CI, 1.1-4.9, P = 0.021) during the 10" month and 2.7 (95% CI, 1.2-5.8, 
P = 0.013) during the 11 month as observed by Eirale et al., [5]. However, injury during 
training was not associated with Ramadan or religion/fasting status. 


As suggested by Eirale et al., [5], these results above can be explained by the possible 
inability of non-Muslim players to cope with changes in the circadian rhythm imposed by 
the altered sleep/wake schedule during Ramadan. Because most of the non-Muslim soccer 
players were foreigners, another possible explanation could be the complexity they face 
with adapting to the hot and humid climate in Qatar, which may constitute as another risk 
factor for injury. Indeed, the hot climate in Qatar usually falls within the months of May 
and September, consequently, including the Ramadan months in the study of Eirale et 
al., [5]. However, these considerations remain a hypothesis because climate data were not 
collected and, therefore, cannot be excluded as a potential confounding factor. Non-Muslim 
soccer players may be more susceptible to injury, as they are unable to adjust to the general 
change of social life during the holy month of Ramadan in Qatar as suggested by Eirale et 
al., [5]. 


Moreover, these authors have shown that injuries defined as moderate were the most 
common for both Muslim and non-Muslim players during Ramadan and out-Ramadan 
periods. Nevertheless, no significant difference was observed in injury incidence between 
the 4 classifications (mild, minor, moderate, and severe injuries). Likewise, no significant 
difference in injury rate was found when comparing contact and non-contact injuries, 
overuse and traumatic injuries, and injuries and reinjuries during Ramadan and out- 
Ramadan periods. 


Injury type and location were similar in Ramadan and non-Ramadan periods as observed 
by Eirale et al., [5]. The most common location of injury was thigh, followed by knee, and 
ankle in both periods. Also, the most common types of injury were muscle rupture and 
ankle sprain, followed by tendon injury, and contusion in both Ramadan and non-Ramadan 
periods. Eirale et al., [5] suggested that the similarity between injury characteristics and 
patterns may have important practical implications for the medical staff, as the same 
strategies for injury prevention may be applied during both Ramadan and out-Ramadan 
periods. 


The injury rates reported during the month of Ramadan in both published studies 
[4,5], during training and matches, were consistent with data found in Union of European 
Football Associations {UEFA} [1], English Premier League [27], Swedish Premier League 
[28], Scottish league [2], and Norwegian league [3]. Nevertheless, the overuse injury 
rate of the study of Chamari et al., [4] outside the month of Ramadan is lower than 
what is typically reported in the literature. It has been stressed by the authors that 
this muscle injury rate concerns pre-season and the start of the season (because 
Ramadan was located quite soon during the season) and this might explain these lower 
rates. Indeed, pre-season is characterized by a high prevalence of endurance training 
and fitness training which were performed in a progressive manner by the staff of the 
studied team. The low frequency of matches at these stages might be the cause of the 
low overall injury rates of the studied periods [4]. Indeed, it has been well demonstrated 
that the match injury rates are always much higher than the training injury rates [1]. 
In this context, Koutedakis and Sharp [29] also showed that the preparation phase of 
the season is accompanied with fewer injuries than the competition phase. Despite a 
higher mean overall injury rate during the Ramadan months of the 2 studied seasons 
[4], i.e., 12.3 injuries/1000 h exposure vs 4.9 for the month’s before-Ramadan and 6.7 
for the month’s after-Ramadan, the difference between non-fasting and fasting players 
was not significant. This result was later confirmed by Eirale et al., [5]. Nevertheless, 


181 


the rate of overuse injuries during training was significantly higher during Ramadan 
than before- and after-Ramadan in the fasting players (Table 3). However, these players 
showed lowered Hooper’s index and perceived stress during and after the Ramadan than 
non-fasting players [30]. Moreover, no difference was observed between fasting and non- 
fasting players for the reported quality of sleep, and quantity of delayed onset muscle 
soreness and fatigue during, before, and after Ramadan (Figure 3). 
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Figure 3: Comparisons of Hooper Index, (sleep, stress, delayed onset muscle soreness, and fatigue) {means of the 2 studied 
seasons} [4]. 

*each period consisted of 4 weeks in each year, respectively. 

a significant different from non-fasting players at p<0.05. 


Despite the difference in Hooper Index and perceived stress observed, Chamari et al., [4] 
showed that training load, training strain, and training duration were maintained during 
the 3 periods (pre-, post- and during Ramadan) and between groups for the 2 monitored 
seasons (Figure 4). Of interest is to mention that the technical staffs of this study [4] had 
not decrease training load during Ramadan. This has been decided on basis of the key 
findings of Chaouachi et al., [6] who has suggested that elite athletes who were maintaining 
their usual training loads, could avoid steep decrements in their physical capacities while 
undergoing the Ramadan intermittent; However, although there is no study contrasting the 
suggestions of Chaouachi et al., [6], technical staffs should adapt the training load of their 
players based on daily observations and fasting conditions and environment. The suggestion 
of Chaouachi et al., [6] concerned elite Tunisian judo athletes with different characteristics 
of training compared to European top-level soccer teams for example. Indeed, in Tunisia, 
there is lower frequency of competitions/matches than in European top-class teams with 
games played each 3-4 days almost continuously for about 10 months (about 25 to 40 games 
vs 45-62 games, for elite Tunisian and European teams, respectively). Another concern 
with Ramadan fasting in Europe comes from the daylight duration. Indeed, in summer for 
example, fasting players in Europe abstain from food and fluids for 1 to 2 hours longer than 
northern African countries as Tunisia for example. In summer, with the relative heat, this 
could be a challenge for Muslim fasting players that are part of a European team. Indeed, 
in such cases, technical staffs of elite athletes have performance’ objectives and hence, do 
not even think about managing the whole team training pattern/load for some exceptions 
as fasting players. 
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Figure 4: Comparisons of weekly training load, strain, and duration {mean of the 2 studied seasons} [4]. 


*each period consisted of 4 weeks respectively in each season. 
AU: Arbitrary Units 


It is also important to note that the study of Chamari et al., [4] reported data of players 
that trained at night during Ramadan and that the technical staff avoided days including 
two training sessions but for very few exceptions. Consequently, their conclusions are not 
adaptable to Fasting players keeping training during the day. In this context, Elite Football 
teams often train in the morning (with the possibility of performing double sessions’ days in 
some one-game per week microcyles), therefore fasting players would have to keep off their 
food and fluid intakes for the periods occurring just after the training sessions. This has 
to be considered with caution as the latter intakes are part of the pillars of recovery. More 
specifically, ending a high load training session at around 11:00 AM and having to keeping 
on fasting for the remaining hours until the sunset (Iftar) presents a big challenge for fasting 
elite athletes, especially for the long daylight days (i.e., summer in the northern hemisphere). 
In this case, the eventual addition of a second training session in the afternoon is certainly 
not physiologically optimal and to the best knowledge of the present chapter’ authors, no 
study has investigated such a training situation. In this context, some recommendations 
have been made by Kirkendall et al., [31] for advising the technical staffs and athletes 
to better deal with training during Ramadan. In this regard, further studies on injuries 
during Ramadan in different parts of the world, and through the year calendar are obviously 
needed. Other specific situations should also be investigated as some players chose to fast 
during the week but not the day of the games as many coaches wish to have non fasting 
players for games (data not published yet). This presents another pattern of specific fasting 
with related physiological adaptations and therefore performance and injury pattern. 


Possible Causes of Sport Injuries during Ramadan 
Consequences of sleep disturbance 


Regarding the possible relationship between sleep loss and sport injuries, Luke et al., 
[32] demonstrated in adolescents that fatigue related injuries were associated with sleeping 
less than 6 h the night before the injury. One study has investigated sleep and injury 
rates in athletes during Ramadan. Chamari et al., [4] retrospectively analyzed the quality 
of sleep via the Hooper Index and recorded injury data for two years in Tunisian top-level 
football players (n = 42). Training load remained unchanged throughout the study period 
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but the timing of training was delayed from mid afternoon to 2200 h. Despite no change 
in perceive sleep quality, the timing of sleep was considerably delayed, with players not 
going to bed before 03:00 AM. Non-contact and training-overuse injuries were higher during 
the month of Ramadan among fasting players [4]. Nevertheless, even if the fasting players 
were generally satisfied with self-reported sleeping quality, it may be that the total sleep 
duration or time spent in the different sleep stages was modified. In this context, it has been 
well established that sleep architecture is characterized by a cyclic pattern of sleep stages 
throughout the night [33,34] and that disturbances during Ramadan can negatively affect 
alertness and psychomotor skills [35]. 


In that regard, disturbances to the circadian timing of the sleep-wake cycle — either due 
to delayed nutritional intake, exercise or both, may present physiological or psychological 
challenges occurring with circadian mis-alignments, that if not overcome will impact on 
athletic performance [36]. 


Therefore, changes in sleeping pattern (i.e., less sleep at night and more afternoon naps) 
and nutritional habits (i.e., eating only at night-time) during Ramadan may have altered the 
players’ physiological status during Ramadan, probably leading to the observed higher over- 
use injury rate during the fasting month [37-39]. 


Physiological and hormonal disturbances 


Besides sleeping schedule disturbances, another probable cause of overuse injuries could 
be the end-of-Ramadan state of the fasting players. In this regard, Chaouachi et al., [13] have 
demonstrated that elite athletes continuing to undergo high training loads during Ramadan 
(at the same levels as before Ramadan) might display high levels of fatigue and are likely to 
experience a cascade of small “negative” biochemical adjustments: changes in hormonal, 
immunoglobulin, and antioxidant systems, along with an elevated inflammatory profile. 
These variations are similar to what is found in tissue traumatic processes as observed in 
athletes in state of over-reaching or even overtraining [13]. Although the reported variations 
are minimal and of small clinical relevance, they can still signal whole body’ physiological 
stress [13]. In this context, the overtraining syndrome has been referred as “staleness or 
chronic fatigue and a mental lassitude along with possible associated injuries in parallel to 
a significant decline in physical performance” [40,41]. Overtraining has been shown to affect 
the musculoskeletal system with increased serum creatine kinase levels and enzymatic 
markers of muscle tissue injury that significantly elevated the day after high training loads’ 
training sessions. For now, it is unclear whether the observed over-use injuries observed in 
the over-trained or over-reached athletes described in the literature could be resulting from 
excessively high training loads and/or the impaired ability of the athletes to recover from 
underwent training loads. As training load was similar in fasting and non fasting players in 
the study of Chamari et al., [4], it is therefore possible that the recovery processes could be 
altered by Ramadan intermittent fasting. Further studies are needed in this specific field. 


Psychological alteration and general fatigue 


Contradictory with many studies (see for review [6] suggesting that the Ramadan month 
induces additional stress on the athlete, the perceived mental stress assessed by the Hooper 
scale during Ramadan in the non-fasting players of the study of Chamari et al., [4] was 
not different from stress measured before and after Ramadan. Rather, the fasting players 
reported decreased stress for Ramadan and for the month after-Ramadan compared to 
the pre-Ramadan month. The latter authors speculated that the religious beliefs and the 
well-being of living and practicing a holy month, could have led to a lower perception of 
stress in the fasting players. The possible habituation process in the fasting players has 
also to be considered. Indeed, the latter reported that they had fasted and trained at night 
simultaneously for a mean period of seven years. Therefore, the absence of total injury 
risk difference with respect to the non-fasting players relates to habituated fasting players 


184 


training at night in non-fasting state. Newly fasting players’ data are not available from the 
study of Chamari et al., [4]. 


Contextual conditions 


The effect of Ramadan on the incidence of sporting injuries has to be considered with 
respect to the period of the year and changing climate. Indeed, the study of Chamari et al., 
[4] was conducted over the 2010 and 2011 years with the months of Ramadan occurring in 
August/September. For that study, the daily fasting lasted about 15 h 15 min in Tunisia 
and the temperature was relatively high (Table 2). Several fasting periods and environmental 
conditions should be experimented with respect to their effects on elite athletes’ injury 
rates. It has also to be noted that in the study of Chamari et al., [4] the training sessions 
occurred during the evenings (22:00 h, i.e., about 3 hours after the “iftar” / breaking of the 
day’s fast). In this context, the injury rates reported concern therefore “Fasting” players 
that were in a non-fasting state, as they did break the fast about three hours earlier and 
were thus allowed to drink ad-libitum before and during the training sessions and games. 
At present, no data is yet available for any injury rate occurring in fasting athletes during 
training or competition. 


Recommendations and Conclusion 


The only two studies in scientific literature [4,5] on the muscle and general injury rate 
during the month of Ramadan were conducted in professional football players and show 
that the many changes in behavioral and social-routines occurring during the Ramadan 
fasting may potentially affect the injury risk of these athletes. In Muslim-majority countries, 
non-fasting players may also be affected by changes in eating and sleeping habits and 
in the scheduling of training and match play. Data of Chamari et al., [4] and Ejirale et 
al., [5], however, show the absence of the effect of the holy month of Ramadan on the 
general injury rates of fasting and non-fasting elite soccer players where weekly training 
loads were maintained during Ramadan [4]. However, according to Chamari et al., [4] rates 
of non-contact injuries and rates of overuse injuries during training were higher during 
Ramadan than before or after Ramadan in fasting compared to the non-fasting players. On 
the other hand, Eirale et al., [5] have found a higher rate of match and total injuries in non- 
Muslim players during Ramadan and out-Ramadan periods. This difference was maintained 
for match injuries during the Holy month of Ramadan and the following 2 months after 
adjusting the data for age. These results could be explained by the possible inability of non- 
Muslim players to manage with changes in the circadian rhythm and sleep pattern imposed by 
the altered schedule during Ramadan in addition to the issue they face with adapting to the hot 
and humid climate in Qatar, which may constitute another risk factor for sport injury. 


Therefore, it is recommended that coaches and medical staffs involved in the management 
of fasting players should monitor and adapt the training load according to the timing of 
Ramadan on the year’s span (environmental conditions), and the cultural background and 
competing level of the players. Furthermore, special attention should be paid to the recovery 
interventions (rest, nutrition, hydration, etc), in an attempt to reduce the injury risks. 
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Abstract 


During the month of Ramadan, restriction of food and fluid intake for many hours before 
and during exercise, together with other Ramadan-associated negative factors such as sleep 
and mood swings can be a real challenge for fasting Muslim athletes to perform at their 
optimum level. Numerous studies have looked at the effects of Ramadan fasting on exercise 
responses and performances but these studies were mostly focused on the effects of the 
religious fast on acute training sessions. This review aims to present studies that analyzed 
the effects of fasting during the daytime period on chronic training and on the magnitude of 
training-induced adaptations over the Ramadan month. These studies were selected based 
on a set of criteria laid out by the authors to ensure valid comparison. The results from 
the small number of validated studies chosen, in contrast to our initial hypothesis, have 
indicated equivalent improvements in the magnitude of training-induced adaptations by 
both fasted and non-fasted individuals during post-Ramadan testing. The data suggest that 
in order for optimal training-induced adaptations to take place in Muslim fasted athletes 
during Ramadan, a training programme imposing a sufficient training load or stimulus with 
the presence of optimal nutrition and rest-recovery are key factors. 


Key words: Acute Exercise, Adaptations, Chronic Exercise, Intensity, Training Load 


Introduction 


Exercise can be a real challenge for fasting Muslim athletes during the daytime in 
Ramadan. The inability to consume nutrients for many hours before and during exercise 
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means that the athletes face the possibility of reduced levels of endogenous fuel as well as 
dehydration towards the later part of the exercise or training session [1,2]. The situation 
is further exacerbated with other Ramadan-associated negative factors, such as daytime 
sleepiness and feelings of increased malaise and lethargy with undesirable mood swings 
[1,2]. These subjective feelings are due to chronic sleep debt and/or a drastic shift in the 
individual’s daily circadian rhythm [1,2], which alone or when summed, can create a less 
than ideal “psycho-physiological” situation within the athlete during training. 


Effect of Ramadan on Acute Exercise Training Session 


Although the physical conditions of the Ramadan fasted individuals is less than optimal, 
the effects of Ramadan fasting on exercise quality and quantity have been inconsistent 
[3]. The quantity of exercise has been shown to be compromised [4-6], while the quality 
of training, i.e., the fasted individual’s responses to acute exercise physiological stress, 
has been less affected. For example, blood glucose concentration, which is an important 
source of fuel during exercise and is likely to be compromised only if the individual’s blood 
glucose falls < 3.5 mmol-L"’, i.e., to levels that could be deemed as hypoglycemic. Although 
some studies have shown a lower pre-exercise blood glucose concentration during Ramadan 
[7], particularly if measured in the late afternoon period, the glucose values were clearly 
within the normal range that would have minimal influence on the fasted individual’s 
subsequent exercise capacity [4,8,9]. In these same studies, post-exercise blood glucose 
concentrations have been shown to be higher than pre-exercise levels. This indicates that 
the fasted individual is more than able to mobilize or breakdown their liver glycogen stores 
to produce the needed blood glucose for brain and muscle functions. Post-exercise blood 
lactate concentration has been used previously as an indirect indicator of muscle glycogen 
usage or breakdown during exercise [10]. Studies have also shown that post-exercise blood 
lactate concentration seem to increase to levels equivalent to that observed in the non- 
Ramadan fasted state [4,8,9]. These data indicates that Ramadan fasting did not have a 
negative effect on muscle glycogenolysis process during exercise and has little impact on 
exercise variables such as post-exercise blood glucose and blood lactate concentrations 
[3]. Therefore, Ramadan fasting has minimal impact on muscle metabolic functions during 
exercise. However this is a different case for exercise Heart Rate (HR) where several studies 
have shown a lower or no difference in HR during exercise of submaximal intensity in 
Ramadan vs. non-Ramadan periods [11-14]. In contrast, Leiper et al., [15] observed a 
higher HR (average of ~5 b'min) in Ramadan fasted vs. non-fasted players during a football 
training session. The authors argued that dehydration was one of the possible reasons for 
the observed differences. 


While objective measures of acute exercise or training responses do not seem to be 
adversely affected, there is substantial evidence to indicate a negative impact of Ramadan 
fasting on subjective Ratings of Perceived Exertion (RPE) during acute exercise in fasted 
Muslims. Many studies indicate that RPE was always higher when exercising in the 
Ramadan fasted state when compared to the same exercise in the non-fasted state [16-19]. 
In retrospect, the adverse impact on perceived subjective effort of exercise is expected due 
to the individual’s inability to ingest foods and fluids over a prolonged duration. As a result, 
fasted individuals usually present themselves in a hypohydrated state, with possibly low 
levels of endogenous fuels and higher levels of sleepiness and fatigue before the start of the 
exercise, particularly in the late afternoon period [16,19-21]. These less than ideal conditions 
could substantially limit the individuals’ capacity or reduce their physiological ability to 
exercise at the same intensity, relative to what they are actually capable of performing when 
they are in the non-fasted state. In other words, whilst external training load imposed on 
the fasted athletes may be similar to that during the non-Ramadan period, in reality, the 
internal training load or stimulus experienced by these individuals are perceived or felt to 
be relatively greater during the Ramadan period. Thus, the same amount or rate of work 
seemed to be more “intense” or “difficult” in the Ramadan fasted state. 
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Whilst the impact of Ramadan fasting on training quality has been contentious, the 
available evidence on the effect of Ramadan fasting on training quantity is much more 
convincing. Studies have indicated that Muslim athletes were negatively affected by 
Ramadan fasting as, they tend to produce a lower level of exercise performance or complete 
a lower amount of work compared to what they are actually capable of performing in the 
non-Ramadan state [1,2]. In this regard, the study by Aziz et al., [4] is worth highlighting. 
Previous Ramadan-related exercise or training studies have usually employed an exercise 
protocol that resembles an exercise or a sport-specific performance measure. This is the only 
study, to our knowledge, that was specifically designed to examine the impact of Ramadan 
fasting on an acute exercise protocol that resembles a typical training-like session. The 
study’s exercise protocols included six repeated 30 s Wingate anaerobic test all-out effort 
cycling bouts (with 4 min of recovery between each bout), followed by 6 min of recovery before 
cycling to exhaustion, which lasted between 8 and 20 min [4]. Exercise protocols were akin 
to the routine intense high-intensity interval workout session that taxed both the aerobic 
and anaerobic components of the individual’s energy systems, which is typically undertaken 
by the well-trained athletes. The investigators showed that exercise in the daytime was 
adversely affected during Ramadan compared to the same exercise performed at the same 
time of the day in the non-Ramadan period [4]. Additionally, the use of pre-packaged meals 
helped to ensure that participants’ maximal compliance to standardized micronutrients and 
energy intake over the 24 h period prior to the testing sessions further strengthened the 
validity of the results obtained in the study that was conducted in the Aziz et al., study [4]. 


The reasons for the decline in training quantity during acute exercise in the Ramadan 
fasted state are currently unknown, but there are several possibilities. Firstly, there may bea 
drastic shift in the energy metabolism during exercise as a result of the Ramadan fast. Indeed, 
Ramadan fasting can lead to a predominant use of lipids or fat rather than carbohydrate 
oxidation during exercise [6,22,23]. As a result, the Ramadan fasted working muscles are 
compelled to use lipids, which is clearly not suited for high-to-maximal intensity sustain 
work and thus leading to less than efficient muscular contractions, i.e., lower power output. 
Secondly, there is also a possibility of progressive muscle glycogen depletion in selective 
muscle fibres, such as on the fast twitch fibres rather than across the entire muscles, 
over the period of Ramadan. The glycolytic energy system can only utilize carbohydrates 
(i.e., glucose from blood glucose or from stored intramuscular glycogen), and since high- 
intensity exercise primarily recruits fast twitch fibres to a greater extent than slow fibres, it 
may be that high power-strength contractions may lead to a rapid depletion of the available 
endogenous substrate within these working fibres. This results in the early onset of fatigue, 
i.e., a lowering of power output in subsequent bouts of maximal exercise. A previous non- 
Ramadan study has also showed decreased levels of Phosphocreatine (PCr) concentration 
in muscles due to a slower rate rephosphorylation particularly of PCr, particulary within 
the fast-twitch fibres, during the recovery periods from prior bout of intense exercise [24]. 
This inability to replenish PCr concentration levels quickly or as effectively during the 
inactive recovery period will have an adverse impact in the subsequent bouts of maximal 
efforts during high-intensity intermittent exercise protocol. In addition, dehydration of as 
much as 1% of pre-exercise body mass may also lead to some internal disturbances within 
the muscular cells milieu which could interfere with the proper or optimal functioning of 
neuromuscular system and negatively influence exercise performance [25,26]. Alternatively, 
the onset of fatigue might originate from the brain or central nervous system leading to an 
attenuated recruitment of muscle fibres during sustained efforts. This centrally-mediated 
fatigue could be simply due to the individual’s poor self-motivation as an outcome of drastic 
shifts in moods swings or due to placebo effects from observing the Ramadan fast. In 
summary, the literature is currently unclear as to the exact mechanism(s) for the adverse 
effects of Ramadan fasting on sustained high-intensity exercise performance; nonetheless 
it does appear that this early fatiguing of the fasted individual involves a combination of, or 
contribution from several factors, rather than a single factor. 
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The substantial reduction in overall training stimulus has also been touted as one of the 
major contributing factors for the decline in exercise performance towards the later period of 
the Ramadan month in fasted individuals |27]. For instance, there may be a direct decrease 
in the total external training load or stimulus during the early part of the Ramadan month, 
which is due to the fact that fasted athletes might consciously or unconsciously reduce their 
work capacity because of their own subjective feelings on the prevailing levels of fatigue or 
tiredness. Fasting is held only once a year, thus individuals possibly require some time to 
adapt or make adjustment to the drastic change in daily behavior patterns or circadian 
rhythm in Ramadan. In short, during the early part of Ramadan, the fasting Muslims may 
find themselves struggling to cope with the perturbations associated with the Ramadan fast 
[28]. As a result, many Muslim athletes experienced relatively higher levels of fatigue and 
perceived effort when completing the same amount of work or exercise during Ramadan as 
compared to the non-Ramadan period. Ramadan fasted individuals would possess minimal 
levels of tolerance to sustain moderate- to high-intensity of efforts for prolonged periods of 
time [5,8]. Alternatively, anecdotal evidence suggests that coaches deliberately reduce the 
team’s or athlete’s training load or intensity because of the heightened (mis) perception that 
Muslim athletes are not able to sustain high workload in the fasted state [29,30]. This means 
that the higher perceived effort during exercise experienced by Ramadan fasted individuals 
is simply due to the lowering of exercise stimulus over the early part of the Ramadan month 
and this may lead to a loss of some level of physical conditioning or detraining effects during 
the later part of the Ramadan month [27]. 


Another area that has an impact on exercise performance in the Ramadan fasted state 
but has received little research attention is the thermoregulation during exercise. The fasted 
individual commences exercise in the hypohydrated state due to the inability to consume 
fluid many hours before exercise. This hypohydrated situation is further exacerbated with 
the inability to ingest fluid during exercise which can further lead to excessive dehydration, 
particularly if the duration of exercise is prolonged and/or the exercise is performed in a hot 
environment. How such a situation affects the fasted individual’s thermoregulatory processes 
is unknown, but will most likely have a negative impact on the fasting individual’s exercise 
capacity and/or performance. To our knowledge, only two studies have investigated the 
impact of Ramadan fasting on exercise in a hot environment and interestingly, both showed 
that thermoregulation was not influenced by Ramadan fasting [31,32]. Gueye and colleagues 
[31] showed that there were no observed differences either in rectal or skin temperature at 
the end of the exercise between fasting and non-fasting conditions in the same Muslim 
individuals. However, the study’s findings are limited because the cycle exercise was of 
relatively low intensity (<75% HR__). Moreover, the prevailing environmental conditions 
where the cycle exercise was conducted were not reported in the study [31]. In the other 
study, professional Muslim football players training for eight weeks (4 weeks of Ramadan 
month and 4 weeks of non-Ramadan) showed similar peak body core temperature, and did 
not exhibit any heat-stress incidents during the Ramadan month [32]. This field study also 
has several shortcomings, for instance, training sessions during the Ramadan month were 
conducted in the evening period after the breaking of the days’ fast in the non-fasted state and 
moreover, core temperature were assessed in only two players [32], there are methodological 
issues that limit the findings of both the cited Ramadan and thermoregulatory studies. 
Clearly additional research is required to closely examine the impact of Ramadan fasting on 
thermoregulation process in fasted individuals and the consequent physiological responses 
and performances, especially when exercising in the hot environment. 


Effects of Ramadan on Chronic Exercise Training Sessions 


The packed international sporting calendar and the fact that the organizing sports 
bodies does not take into account of the Ramadan month in their competition scheduling 
implies that Muslims athletes must often train through the Ramadan month in preparation 
for competitions. Optimal training-induced adaptations often takes place as a result of 
systematic and progressive exercise that are of sufficient frequency, intensity, duration, in 
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the presence of optimal nutrition, appropriate rest-recovery duration and high quality of 
effort during the preceding sessions [33]. Henceforth, given the less than optimal conditions 
that the fasted individuals encountered or experienced, it is possible that the quality and/ 
or quantity of exercise performance of the athletes during an exercise or training session 
in the daytime during the month of Ramadan may be poor or even compromised [4]. Thus, 
if such ‘inferior’ training sessions persistent throughout the Ramadan month, it would 
then be expected that the magnitude or percentage of improvements, i.e., training-induced 
physiological adaptations derived from the Ramadan month exercise sessions, would be 
lower as compared to that in non-Ramadan month. Similarly, if the same training or exercise 
programme are being performed by two different groups of individuals, i.e., fasted and 
non- fasted individuals, it would also be expected that the non-fasted group will produce a 
relatively better quality or higher output of training, which would then lead to improvement 
of greater magnitude in physiological adaptations as compared to the fasted group. 


Therefore the purpose of this short review is to examine the literature on the effects 
of fasting on chronic training during the daytime period in the month of Ramadan on the 
magnitude of training-induced adaptations. The studies in this review must fulfill several 
criteria to ensure fair and valid comparison. Firstly, studies should compare the individuals’ 
performances or sporting measures which were taken “before” and “after” the Ramadan 
month and where both of these pre- and post-Ramadan test sessions or performance 
measures are performed in the non-fasted state. The studies chosen should also involve 
two groups of subjects. One of the groups was Muslim individuals who are both training 
and observing the Ramadan fast (i.e., FAS group) and the other group should consist of 
either Muslim or non-Muslim individuals who are training but not performing the Ramadan 
fast (i.e., non-FAS group). In addition, both groups should be maintaining their normal or 
planned training program throughout the entire Ramadan month. Since training across the 
investigative period may differ or is periodized as would be the case in a coach-driven training 
programme, the non-FAS group would serve as a control to account for potential differences 
in training load/stimulus experienced by both groups across the study period. Another 
important methodological consideration is that training sessions during the Ramadan 
month must be performed during the daytime period (i.e., in the Ramadan fasted state for 
the FAS group), rather than in the evenings (i.e., after iftar). The studies selected should 
then be compared for improvements made from pre- to post-Ramadan test between the FAS 
and non-FAS groups as the criterion measure of the effectiveness (or non-effectiveness) of 
training-induced adaptations in the Ramadan fasted state. 


Based on the four criteria set for this review, it was apparent that many of the Ramadan 
exercise and training studies previously published does not meet all the four criteria required for 
further analysis (Table 1). Only seven of them attained the necessary four criteria to be included 
but one of these studies [34] is omitted as blood markers were the only responses measured 
and no exercise performance measure was taken in the investigation and thus, this does not 
allow the evaluation of the effectiveness of the study’s training programme. The six remaining 
studies are listed in Table 2 with the details of each of the study prominently highlighted. It is 
interesting to note that five of the six studies in Table 2, except Kordi et al., [35], involved fasted 
individuals or players who were members of the same squad. This is advantageous because it 
further ensures that the overall or total training stimuli between the FAS and non-FAS groups 
during the Ramadan period of the study are more likely to be equivalent. 


Criterion 1 Criterion 2 


Criterion 3 Criterion 4 
ele MG GKOTEISG nasa control : Was the subjects’ Was the subjects’ acute 
Study or test measures group (i.e., training ne das 
erronned beore" but non-FAS) training load or stimuli exercise responses to 
a “after” the aeleded Wath was maintained the training stimuli/ load 
amedio study? during Ramadan? described in the study? 
Aloui et al., 2013 [16] V X V V 
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Aloui et al., 2013 [17] 

Aloui et al., 2013 [59] 

Aziz et al., 2010 [8] 

Aziz et al., 2010 [60] 
Bigard et al., 1998 [61] 
Bouhlel et al., 2006 [22] 
Bouhlel et al., 2013 [62] 
Brisswalter et al., 2011 [5] 
Chaouachi et al., 2009 [19] 
Chennaoui et al., 2009 [63] 
Chtourou et al., 2011 [18] 
Chtourou et al., 2012 [21] 
Fall et al., 2007 [64] 

Faye et al., 2005 [7] 

Girard & Farooq, 2011 [65] 
Gueye et al., 2003 [31] 
Guvenc, 2011 [20] 
Hammouda et al., 2012 [66] 
Hosseini et al., 2013 [67] 
Karli et al., 2007 [68] 

Lofti et al., 2010 [69] 
Meckel et al., 2008 [30] 
Memari et al., 2011 [70] 
Mirzaei et al., 2012 [71] 
Ramadan et al., 1999 [11] 
Ramadan & Barac-Nieto, 2002 [12] 
Ramadan et al., 2002 [13] 
Rebai et al., 2013 [72] ł 
Souissi et al., 2007 [43] 
Stannard & Thompson, 2008 [6] 
Sweileh et al., 1992 [42] 
Sweileh et al., 1990 [73] 
Tayebi et al., 2010 [74] 
Trabelsi et al., 2013 [34] 
Trabelsi et al., 2012 [75] $+ 
Trabelsi et al., 2012 [76] 
Wilson et al., 2009 [32] 
Zarrouk et al., 2012 [77] 


Zerguini et al., 2007 [78] V X y 


Table 1: Ramadan training-related studies that did not meet the all the four criteria set to be included as a validated study in this 
review. 

FAS: Ramadan Fasting Group; non-FAS: Non-Fasting Group; V: Criterion Met; X: Criterion was Not Met 

There was no control group since both of the training groups in the study exercised in the fasted state. 


X 2 X2 XXXXX2 2 XXX2 2 X2 2 2 X2 X2 XXXXX2 XXX 2 XXX X 
X X 22 2 2 XX KK KK KK XXX XX KK RK 2e X KK KK KK 22 2 X XXX XxX X 
Le |X e| e |2| 2 XIXI XIX L XIX X e 2e 2| X e| e| 22|2|22 XIX X eje e 2| 22| XIX e 2 XX 
X XLX 2 XXX X22 2 2 2 2 XXX X22 2 2 XXX2 2 X22 2 X22 X22 KY KOS 


ttNo exercise performance measures were taken in the study. 
Studies Examining the Effects of Ramadan on Training-Induced Adaptations 

Given the potential negative effects of Ramadan observance on training-induced 
adaptations, it is rather surprising that in the studies that have fulfilled the criteria set 


(Table 2), majority of them have indicated equivalent improvements in training-induced 
adaptations by both FAS and non-FAS individuals [9,36-38]. 
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Kirkendall and colleagues [38] were among the first to examine the impact of Ramadan 
fasting on exercise performance across the entire Ramadan period. Their study showed 
that Ramadan fasting did not negatively affect the different variables tested in their 
subjects, that consisted of a large sample of young soccer players undergoing a coach- 
designed and training programme. Physical performances in speed, power, agility 
and aerobic endurance significantly improved when tested after Ramadan and more 
importantly, the magnitude of improvements were similar in both FAS and non-FAS 
groups. The investigators suggested that the changes in exercise performance observed 
in both groups were most likely due to training-induced effects and familiarity to the 
tests [38]. In another study, after 4 weeks of training together as a group, FAS subjects 
improved to a greater extent, albeit not significantly, than non-FAS subjects during a 
2 mile run time-trial [37]. There was no significant differences in both groups’ dietary 
intake, but the authors argued that the higher fitness level at pre-Ramadan reduction in 
the FAS subjects’ body mass may have contributed to the greater improvements made in 
the FAS group [37]. Nonetheless, it could be reasoned that the equivalent improvements 
made by FAS and non-FAS subjects in Kirkendall et al., [38] and Havenetidis [37] studies 
were due to the fact that these studies were conducted in training camp conditions where all 
of the subjects’ food, fluid, sleep and training load were well managed and monitored closely 
by the management and coaching staff. Thus in such situations, it can be argued that the 
FAS subjects’ Ramadan negative-associated behaviors such as chronic sleep debt, poor 
dietary intake and low training load were averted, or at least minimized, which resulted in 
equivalent improvements in FAS compared to the non-FAS group. 


In another Ramadan training study, investigators showed no difference in aerobic 
performance between pre- and post-Ramadan in young soccer players [36]. In this 
study, the players involved were not residing in a training camp setting, but were “free- 
living”. Ratings of perceived intensity, an indirect indicator of the subjects’ internal 
training load, that were taken at the end of the high-intensity interval training sessions 
performed throughout the study, showed no significant differences between FAS and 
non-FAS subjects [36]. This finding of equivalent perceived effort during training sessions 
is however not universally observed [9,37]. It should also be mentioned that the study’s 
investigators had taken deliberate and specific steps to ensure that FAS and non-FAS 
subjects performed their exercise runs to equivalent effort as much as possible [36]. 
This included organizing the training as a single group session to exert peer-pressure 
on the FAS subjects; and providing feedback on their running times to ensure correct 
pacing and effort during the runs. The investigators also ensured that the duration of 
session was shortened (< 60 min) to prevent the influence of insufficient endogenous 
muscle glycogen as a possible limiting factor to exercise performance. The session was 
also conducted towards the later part of the day and was deliberately timed to end close 
to iftar (time to break day’s fast) so as to provide somewhat of a “psychological” edge to the 
FAS subjects [36]. Nonetheless, a major limitation of this study [36] study was that only 
~40% of the total number of training sessions was controlled while the other 60% consisted 
of sports-specific training sessions which was under the purview of the team’s coaching 
staff. Hence, it cannot be ascertained that training intensity is the only factor that primarily 
influenced the outcome of the study’s observations. 


Magnitude (in %) and direction 
Detailed training of change (f, | or |) from Pre- 
programme during to Post-Ramadan test Remarks / Conclusion 
Ramadan month 


Subjects’ 
Study characteristics 
Non- 


Test FAS FAS 
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Aziz et al., 
[36] 


Aziz et al., 
[9] 


Havenetidis 
[37] 


Ti 


Males, 18 + 1 y. National 
youth soccer players. 
FAS (n = 10) and non- 
FAS (n = 8). 


Players were free-living 
subjects. They were 

from the same squad and 
trained together. T 


Males, 18 + 1 y. College T 
and club level team- 
sports athletes. 

FAS (n = 10) and non- 
FAS (n = 10). 


Players were free living 
subjects. They were from 
the same squad and 
trained together. 


Males, 23 Ł 3 y. Military | 
cadets who were club 
runners. 

FAS (n = 10) and non- Ti 
FAS (n = 10). 


Cadets were residing in 
a military camp and were 
from the same club and 
trained together. 


6 sessions per 
week 


High to maximal 


Progressive 
duration of 30-50 
min per session 


Beep 
(numberof 0.9, 0.9, < 
shuttles) 
Football-specific, 
high-intensity 
aerobic runs, and 
short all-out sprints 
3 sessions per 
week 
Maximal efforts, 
>100%VO, nax 
Progressive 
duration of 30-60 Aerobic 
min per session power 
(ml-kg-*min-") 
12.4 11,7 
Anaerobic 
power (work 
done during 8, fT 10, ft 
Repeated 30s i; 7 aa 
Wingate 
Wingate cycle cycle in kJ) 
bouts (from 4 to 10 
bouts with 2-4 min 
recovery) 
4 sessions per 
week 
~ 70% individual’s 
HR rax 
Progressive 
duration of 
between 45-55 min 2_mile 
running time 2.9, f 1.6, 1? 


(min) 


Continuous 
steady-state runs 


No significant 
improvements made in 
both the FAS and non- 
FAS groups as a result 

of training. No significant 
differences between FAS 
and non-FAS for Beep test 
at pre- and post-RAM. 


Training stimuli (external): 
Similar between groups 
Training responses 
(internal): Session-RPE 
post aerobic and sprint 
sessions were similar 
between FAS and non-FAS 
groups 

Dietary intake: Similar 
between groups 

Sleep pattern: Not reported 


Note: Only 40% of study’s 
total training sessions were 
controlled. 


Significant improvements 
made by both FAS 

and non-FAS as a 

result of training. No 
significant differences in 
improvements made for 
aerobic and anaerobic 
performance between FAS 
and non-FAS groups. 


Training stimuli: Similar 
between groups 

Training responses: Blood 
lactate, HR and RPE were 
generally similar between 
FAS and non-FAS groups 
Dietary intake: Similar 
between groups 

Sleep pattern: Not reported 


Note: Players were 
training for 7 weeks where 
Ramadan month falls 
within this period. 


Significant improvements 
made by both FAS and 
non-FAS as a result of 
training. The 2 mile run 
time performance was 
better in FAS than non- 
FAS but the difference was 
not statically significant. 


Training stimuli: Similar 
between groups 

Training responses: Not 
reported 

Dietary intake: Similar 
between groups 

Sleep pattern: Not reported 
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Kinugasa et 
al., [41] 


Kirkendall 
et al., [38]; 
Leiper et 
al., [15] and 
[79] 


Kordi et al., 
[35] 
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F 


Males, 13-14 y. Trained | 
soccer players. 
FAS (n = 9) and non- FAS |! 
(n= 11). 


Players were residing 

in a sports school 
environment. They were T 
from the same squad and 
trained together. 


Ti 


Males, 18 + 1 y. Club 
level soccer players. 
FAS (n = 53) and non- 
FAS (n = 32). 


Players were residing in 

a training camp for 10 
weeks where Ramadan 
month falls within this 
period. Players were T 
from two squads. Players 
from each squad trained 
together. 


Ti 


Elite male athletes at 
local and national level 
from volleyball, karate, 
taekwondo and football. 


FAS (i.e., athletes training 
during daytime; n = 14) 
and non-FAS (athletes 
training in the evening 
period, n = 20). 


T 


5 sessions per 
week 


20m sprint 

Not reported (s) 

Not reported 
Beep 
(number of 
shuttles) 

Football-specific 

sessions, aerobic Standing 

conditioning and broad jump 

strength training (cm) 

6-8 sessions per 

week 

Low to high 

60-90 min per 

session 
7 x30 m 
repeated 
sprint (s) 
Beep 
(number of 
shuttles) 


Football-specific 
with several 
sessions of aerobic 
conditioning and 
strength training 


(cm) 


Agility (s) 


Not reported 
Not reported 


Remained 
unchanged during 
Ramadan 


Agility (s) 


Standing 


Vertical jump 


-0.3, 


3.4, | 


-1.4, * 


25.3, 1 


6.8, 1 


-2.3, 1 


0.5, < 


broad jump 0.8, 


(cm) 
Sport-specific skills 


-1.2, <> 


3.9, | 


-0.6,< 


16.8, t 


4.7, 1 


-3.2, 1 


5.7, 1 


0.9, 


No significant differences 
between FAS and non-FAS 
for 20 m sprint and Beep 
test. Broad jump decreased 
to a greater extent in FAS 
than non-FAS. 


Training stimuli: Similar 
between groups 

Training responses: Not 
reported 

Dietary intake: Similar 
between groups 

Sleep pattern: Not reported 


Most performance 
measures showed 
significant improvements in 
both FAS and non-FAS as 
a result of training and/or 
learning effects. 
Performance in Beep 

and dribbling tests were 
similarly improved in FAS 
and non-FAS. 

FAS improved to a greater 
extent in repeated sprint 
and vertical jump than in 
non-FAS group. 


Training stimuli: Similar 
between group 

Training responses: HR 
and RPE were generally 
similar between groups 
Dietary intake: Similar 
between groups 

Sleep pattern: Minimal 
disruption to sleep hours 
and pattern in FAS 


Note: Performance data 
are combined from tests 
conducted in the morning 
and afternoon. 


There was minimal change 
in performance measures 
across Ramadan in both 
FAS and non-FAS groups, 
except for a significantly 
better improvement in 
agility in non-FAS than in 
FAS group. 


Training stimuli: Not 
reported 

Training responses: Not 
reported 

Dietary intake: Not 
reported 

Sleep pattern: Not reported 


Note: Participants were 
not training together as 

a group; therefore with 
greater likelihood of 
differences in the internal 
training load or stimulus 
between groups. 


Table 2: Ramadan fasting and training-induced studies. 


FAS: Ramadan Fasted Subjects Group; non-FAS: Non-Ramadan Fasted Subjects Group; RAM: Ramadan Month; CON: Control 
Period; HR: Heart Rate; 1: Increase; |: Decrease; <>: No Change; F: Frequency; |: Intensity; Ti: Time; T: Type (of exercise) 


The investigators followed up their earlier study [36] with a more controlled and systematic 
training program where the loading of exercise intensity was progressive and incremental 
in nature [9]. The training programme has also been shown to be effective in enhancing 
the training individual’s aerobic and anaerobic systems. Furthermore, compared to their 
previous study, all exercise sessions throughout the later study were under the control 
and scrutiny of the investigators [9]. This study showed that the improvements made by 
both the FAS and non-FAS groups were similar. Several indicators of training responses 
such as blood lactate concentration, HR and RPE, were assessed in all subjects during the 
last session of each training week which allowed a fair comparison between the FAS and 
non-FAS groups in their responses to the training stimuli. The training responses between 
FAS and non-FAS groups were not significantly different and the total caloric intake from 
dietary records taken throughout the study period was similar in both groups. The authors 
concluded that aerobic and anaerobic adaptations to a high intensity-training program were 
not adversely affected as a result of Ramadan fasting, possibly because training intensity 
and daily nutritional intake during the Ramadan month were not compromised [9]. 


This factor of training intensity and/or load as the key to enhancing training-induced 
adaptations during Ramadan was further reinforced with the observations from a 
longitudinal field-study [39]. In that study, five FAS and five non-FAS professional football 
players were tracked over a total of 12 weeks period (four week before-, four week during- 
and four weeks after-Ramadan month). The players’ aerobic fitness (as determined from 
HR and blood lactate post-intermittent running at submaximal intensity) was assessed at 
the end of every four weeks and their training load (i.e., session-RPE x exercise duration; 
[40]) was recorded throughout the period. All players were training together as a team 
throughout the 12 weeks. The FAS players’ aerobic fitness increased from before- to during- 
Ramadan, followed by a decreased from during- to after-Ramadan periods. The FAS players’ 
up- and down-swings in aerobic fitness levels paralleled closely to their training load pattern 
throughout the 12 weeks while no such trends was observed in the non-FAS players. The 
study’s authors rationalized that the changing in aerobic fitness in FAS subjects was mostly 
influenced by the changes in players’ internal training load and therefore recommended that 
coaches should try to maintain the intensity of training sessions during Ramadan fasting to 
alleviate the perturbations of Ramadan fast on players’ physical condition [39]. 


The more recent studies have provided persuasive evidence that improvements of similar 
magnitude could also be made in FAS as compared to non-FAS subjects, who were not 
residing in a training camp setting i.e., “free-living” [9,35,36]. These research indicated 
that the fundamental similarities or the consistent underlying themes of these studies that 
have shown equivalent degree of training-induced adaptations or improvements in FAS 
individuals as compared to non-FAS individuals during Ramadan are that: 


i) Total dietary intake over the Ramadan was similar compared to the non-Ramadan period 
in FAS subjects, 

ii) FAS individuals’ sleep hours over the Ramadan period were minimally affected, and 

iii) Training load or stimuli in FAS individuals throughout the Ramadan period were high 
and/or were maintained at the same levels as in the non-Ramadan period, or was 
equivalent to the non-FAS subjects. 


This indicates that when these conditions remain stable, the impact of Ramadan fasting 
and its associated perturbations will be minimized so that fasted training Muslim athletes 
can obtain the same training-induced benefits as their non-fasting training counterparts. 


Readers should however be aware of the inherent limitations of studies listed in Table 2. 
For instance, although the training program in the Aziz et al., [9] study was well-designed, 
the exercise sessions were held merely three times a week, on every alternate day, and 
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performed indoors under cool environmental conditions. This meant that subjects had 
ample time to recover adequately (both physiologically and mentally) from the previous 
exercise session and thus the overall physical stress imposed on the athletes throughout 
the period of study might not be as intense as that expected of some elite athletes who 
could be training twice a day on most days of the week. Hence, it is still not known if similar 
magnitude of improvements can be obtained in subjects who fast during Ramadan under 
more ‘elite-like’ or very intense training programme. For example, frequency of training 
could be up to six days a week with two sessions a day, which is clearly the norm for 
majority of elite athletes. It is foreseeable that such a regime would then challenge or even 
sap the fasted individual’s physiological and psychological resources at a faster rate, and 
possibly exert pressure on the individual’s recovery capability - which in turn could lead 
to excessive stress or overtraining during Ramadan month. This could result in adverse 
training-induced adaptations. This hypothesis certainly warrants further research. Several 
of the studies listed in Table 2 [35,41] also provided insufficient information about their 
training program and therefore the training volume or load that the FAS and non-FAS 
subjects had been exposed to is not Known. Instead, authors simply stated that both the 
FAS and non-FAS groups performed their “normal” or typical training during the Ramadan 
month. More importantly, these studies did not provide any information about the exercise 
responses of both groups who were presumably exposed to the “same” training program and 
thus, the subsequent training loads experienced by both the FAS and non-FAS subjects was 
assumed to be equivalent. The internal stimuli (i.e., physical and mental stress) experienced 
by different individuals vary widely from the same external training load (i.e., quantity of 
training) imposed upon the individuals [36]. Therefore, training responses information such 
as HR, blood lactate and RPE, are important before determining that FAS and non-FAS 
subjects’ training loads were equivalent. The differences in responses during exercise for 
the same training stimuli are even more important when it is an accepted fact that FAS 
subjects are possibly at a physiological and/or mental disadvantage as compared to non- 
FAS subjects at pre-, during and post-exercise during daytime fasting in Ramadan. Hence, 
future research need to take into account subjects’ exercise responses when examining 
the impact of daytime fasting during Ramadan on the magnitude of training-induced 
adaptations during Ramadan, before arriving at their conclusions. 


From Table 2, only one study showed a decline in training-induced adaptations during 
Ramadan [41]. This study was conducted on young footballers where the student-athletes 
showed reduction in aerobic endurance (via Beep test) and lower limb power (via standing 
broad jump test) after the Ramadan month compared to before the Ramadan month. The 
decline in performance is an unexpected finding since the players in the study were all full- 
time residents in the sport-school and thus should be coping well with the perturbations 
of Ramadan or at least, being monitored closely such as the participants in the study of 
Kirkendall et al., [38]. Explanations for these differences are not apparent but noted that 
subjects in Kirkendall et al., [38] were in the competitive phase and were thus training for 
a major competition to be held just after the Ramadan month and players in the study of 
Kinugasa et al., [41] were in their post-competition mode. It is plausible that the motivation 
levels of the fasted individuals (i.e., competing for a place in the final squad vs. routine 
training) may play a major part in contributing to the observed difference between findings 
of the cited studies. Additionally, in Kinugasa et al., [41] study, the training programme, 
training responses and other important variables such as dietary intake were not adequately 
reported and thus further limit the applicability of the study’s findings. 


The study reported by Kirkendall et al., [38] is worthy of close research scrutiny. Apart from 
pre- and post-Ramadan tests, the investigators undertook additional test measures within the 
Ramadan month, which provided some interesting observations of effects of Ramadan fasting 
on exercise performance. The authors showed that exercise performance during Ramadan was 
poorer during the first week of the Ramadan month but progressed and improved towards 
the later part of the month, followed by improvements in performance above pre-Ramadan 
levels at post-Ramadan [38]. These data indicate that fasted individuals were primarily affected 
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by the perturbations of Ramadan during the early part and they were able to cope well with 
fasting as the Ramadan days progressed. This argument is in line with previous studies which 
showed that performances and other measures such as metabolic and physiological variables 
stabilized during the last week of Ramadan as compared to the performances observed during 
the early part of Ramadan [22,41-43]. It is apparent that individuals learn to better adjust their 
behaviors and adopt various coping strategies as Ramadan progresses, i.e., a habituation effect 
[28,38,42]. The practical implication here is that coaches should be aware of such physical and/ 
or physiological trends on the fasted individual’s exercise response and performances during 
training in early Ramadan and therefore to be more flexible in their training program. Coaches 
and fasting athletes themselves should not be overly concerned with the relatively poorer quality 
of exercise performance, especially during the first week Ramadan month training sessions as 
performance will be expected to improve to baseline or pre-Ramadan levels during the later part 
of the Ramadan month. 


Explanations for the Equivalent Traning-Induced Adaptations Whilst Observing 
Ramadan Fast 


It would be of interest to speculate how it was possible for the FAS subjects to achieve 
the same degree of improvements as to their non-FAS counterparts, given the less than 
ideal conditions of the FAS subjects whilst exercising throughout the Ramadan month. In 
both Aziz et al., studies [9,36], training sessions ended very close to the time of the day’s 
breaking of fast such that the fasted athletes were able to get access to food and fluid 
without restriction within an hour post-exercise for all the sessions, i.e., iftar meals. Thus, 
whilst the exercise or training sessions were conducted in the less than ideal ‘physiological’ 
conditions of fasting, the post-recovery situations of these sessions were not compromised. 
Rather, this ability to consume nutrients within the “window of opportunity” period for 
recovery [44] is important as the process of adaptations does not commence until nutrients 
and rest period are available [45]. Indeed muscle biopsy studies have clearly demonstrated 
that the intracellular signaling mechanisms regulating muscle protein synthesis and hence 
the subsequent cellular adaptations from aerobic and resistance exercise are enhanced 
during recovery in the fed vs. in the fasted state [46,47]. In summary, in both Aziz et al., 
studies [9,36], even though the actual ‘physical’ performance of the training sessions were 
not ideal, the recovery process of the exercised muscles in these studies was, however, 
close to optimal, which consequently might have led to the similar magnitude in training- 
induced adaptations between the FAS and non-FAS subjects in the two studies. This finding 
has important implications for athletes and coaches when they plan their daytime training 
session during the Ramadan month. 


Perhaps, it may be argued that there is minimal impact of Ramadan fasting on acute 
exercise performance and subsequently, there is no adverse influence on training-induced 
adaptations over the Ramadan month, albeit specifically in trained individuals only. This 
view is supported by the findings of a study examining the impact of Ramadan fasting on 
acute endurance exercise consisting of a 60 min time-trial run [8]. In the study, it was 
elegantly demonstrated that relatively less fit fasting Muslim individuals performed much 
poorly compared to aerobically fitter fasting Muslims [8]. Indeed, there is support to suggest 
that well-trained individuals do possess enhanced cardiovascular and metabolic reserve 
capabilities to be utilised during exercise. For example, they have enhanced muscle glycogen 
storage, higher body water stores and greater physical tolerance level [48] and/or greater 
psycho-physical attributes such as self-motivation, determination, etc., than less fit or less 
trained individuals [49]. Thus, it may be reasoned that fitter fasting individuals were able 
to cope, both physiologically and mentally, better with the perturbations associated with 
chronic Ramadan fasting. This will consequently put these same individuals, as compared 
to their less fit counterparts, in excellent physiological condition to possibly counteract or 
at least minimize the adverse impact of Ramadan fasting on training-induced adaptations. 


Interestingly, within the context of metabolism during acute exercise and impact on the 
subsequent training-induced adaptations, there is evidence to indicate that exercise and 
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training conducted in the fasted state may even be beneficial [46]. Exercising in the fasted 
state or more specifically, in the low endogenous carbohydrate state, can enhance oxidative 
or cellular adaptations although the actual amount of work done during the fasted session is 
expected to be relatively less as compared to the amount of work done in the non-fasted state. 
It was reasoned that when the muscle exercises in a ‘carbohydrate-filled’ condition, there is less 
of an energy imbalance during the exercise which means less metabolic activation of signalling 
pathways. On the other hand, the “fasted” muscles are compelled to produce the same amount 
of work with much less endogenous resources and thus would experience a greater metabolic 
stress and/or homeostatic disturbances relative to the muscle of non-fasted individuals. This 
would then create relatively stronger stimuli within the fasted muscles that could accelerate 
and/or amplify the cellular adaptations processes. This concept of “working harder with less 
resources” is akin to other training ergogenic modalities such as low-to-moderate exercises in 
hypoxia or occlusion resistance training using low loads [50,51]. 


This view of the possibility of high efficacy of training-induced adaptations in Ramadan 
fasted muscles is supported by experimental studies in humans. Stannard and colleagues 
[52] discovered that overnight-fasted training had greater training-induced increase in 
peak power and maximal aerobic power (or VO, a, than acutely carbohydrate-fed state, 
mostly likely via enhanced muscle oxidative capacity. They also showed that chronic 
exercise in the fasted state enhanced storage of resting muscle glycogen concentration, 
which is clearly beneficial to fasted exercising individuals during Ramadan [52]. De Bock 
and colleagues [53] also showed similarities in the percentage of improvements made in 
VO,max Whether the subjects were training in the fasted or carbohydrate-fed state over a 
period of 6 weeks. The mechanisms for the above observations are unclear but muscles 
functioning in the fasted or glycogen depleted state seems to promote exercise-induced 
intramyocellular lipid degradation, which could indirectly enhance exercise performance 
adaptations by reducing the usage of the limited availability of endogenous muscle glycogen 
within fasted muscles [54,55]. Additionally, others have also shown that exercising with 
low endogenous carbohydrate state will lead to a greater activation of signaling proteins 
and pathways (e.g. peroxisome proliferator-activated receptor-y coactivator-1, adenosine-5’- 
phosphate-activated protein kinase) involved in increasing the activities of enzymes, which 
are contributors to energy metabolism and mitochondrial biogenesis [56,57]. Nonetheless, 
it should be kept in mind that these cited studies were non-Ramadan related studies and 
hence were conducted in exercising fasted subjects who were solely deprived of food but 
not fluids. The impact of Ramadan fasting and all of its associated perturbations such as 
dehydration, sleep and mood swings were also, not accounted for in these studies, and as 
such, further experimental studies in actual Ramadan fasting individuals are needed to 
confirm the assertion that exercise in this state could potentially be advantageous. 


Conclusion 


Much of the Ramadan fasting literature has primarily focused on acute exercise 
performance rather than on chronic exercise training programme and the subsequent 
impact on training-induced adaptations. Based on the findings of the few studies that met 
the criteria established in this review, it can be concluded that adaptations to training 
whilst observing Ramadan could be of the same percentage or magnitude as that of non- 
Ramadan periods if nutrients intake and training stimuli (exercise load/intensity) were 
maintained at levels that are similar to that in non-Ramadan period. Coaches and fasting 
Muslim athletes must take the appropriate steps and measures [58] to ensure that these 
factors are not compromised during Ramadan so as to maximize their training-induced 
adaptations. Further studies are required to examine the chronic effects of training while 
observing daytime fasting during Ramadan in well-trained Muslim athletes. 


Disclaimer 


The above statements are those of the personal views of the authors (NFD and VTWL) 
and are not the official view of the Ministry of Defence, Brunei Darussalam. 
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Abstract 


The act of fasting is mandatory for every able-bodied Muslim individual to show their faith 
in Islam. Fasting Muslim athletes who train and compete during Ramadan face challenges 
to perform at their optimum level with the restriction of food and fluid from sunrise to 
sundown, as well as alterations to sleep patterns. Some studies reported that the exercise 
performances of the athletes were adversely affected by Ramadan fasting. This review 
recommends the application of the FITT (i.e., frequency, intensity, time and type) principles 
of exercise in the modifications to training, nutrition and hydration while considering the rest 
and recovery factor as well as the psychological and cognitive status of the fasting Muslim 
athletes during Ramadan. Ideal twice-a-day training session models, which incorporate the 
different physical and behavioral aspects, are proposed for the athletes in this review in 
order to minimize the negative impact of Ramadan on their performances. This review will 
act as a useful guide for coaches and fasting athletes to carefully and strategically plan their 
training program to generate the most optimal level of competitive and training performance 
during Ramadan. 


Keywords: Diet; FITT Principles; Hydration; Nutrition; Rest and Recovery; Training 


Introduction 


Ramadan fasting is not merely the act of restricting food and fluid alone but is also 
an intensely spiritual time, with strict adherence to the fast and an increased devotion to 
prayers. During Ramadan, Muslims further engage in additional daily mass prayers called 
Taraweeh, performed after breaking of the day’s fast that can last between 2-2.5 h. In 
addition to religious activities, Ramadan is also a time for family with much of the night 
devoted to social activities and a corresponding relaxation of the work schedule during the 
day [1]. Muslims are only allowed to ingest food and fluid during nocturnal period of the 
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day and they primarily consume their meals at two sittings: once before sunrise called the 
‘Sahur meal (just prior to the start of day’s fast), and the other is after sunset, immediately 
upon the break of the day’s fast which is known as ‘Iftar meal. 


During the Ramadan month, in predominantly Muslim societies such as countries in the 
Middle East region, Ramadan fasting and its associated activities become the primary focus 
and much of the daily activities and routines revolve around the act of fasting. For example, 
the start of the working day is delayed and working hours are shortened. Sporting activities 
such as football league matches are played after Iftar, and the period between this meal and 
the competition is generally 2-3 h. However, in other contemporary societies, this is clearly 
not the case and thus Muslim individuals in these countries will have to adapt and suit 
their behavior to the majority of society accordingly. International competitions or major 
sports events scheduling do not take Ramadan into account and many Muslim athletes 
are compelled to fast despite the expected challenging physical requirements during these 
events [2,3]. Perturbations that are commonly associated with Ramadan fasting such as 
dehydration, substrate limitation, sleep deficit, mood swings and feeling of lethargy could 
influence optimal cognitive and physical performances [4-6]. Behavioral modifications 
include meal re-scheduling and disturbances in sleep patterns could be deemed as additional 
stress imposed on the athletes. This may also lead to drastic shift in the individual diurnal 
circadian rhythm resulting in a negative impact on an athlete’s physiology and lifestyle [7]. 
Thus, perturbations associated with fasting could negatively impact optimal competitive 
performance and training-induced adaptations in Muslim athletes [4,5,8]. Nonetheless, 
there are published studies indicating no adverse impact of Ramadan fasting on exercise 
performance, albeit sleep, food and fluid and training stimulus of subjects in these studies 
were not adversely affected [9-11]. This clearly suggested that Muslims in these studies may 
have adopted or undertaken some behavioral, social or psychological strategies that are 
compatible with the perturbations associated with Ramadan fasting [2,8,11]. 


The paper will briefly identify these strategies and suggest several practical 
recommendations on how Muslim athletes may try to overcome and/or circumvent the 
challenges of Ramadan fasting whilst training and competing at the same time. The 
recommendations provided in this paper aim to assist coaches and athletes to plan and 
organize their preparations for optimal competitive and training performance during 
Ramadan. 


Whether to Fast or Not to Fast 


It is easy for external parties to suggest that Muslim athletes to simply forgo their act 
of fasting during the period of heavy training and competition. To Muslims in modern 
contemporary societies, fasting during Ramadan may well be accepted and viewed as a 
personal choice of the individual. However, it must be emphasized that Ramadan fasting is 
one of the fundamental tenets of being a Muslim, and in some secular societies, Ramadan 
fasting is not an option or an individual’s choice but a mandatory act that reflects the 
individual’s faith to his or her God. Thus, for a devout Muslim, the act of fasting must be 
followed. Indeed, even if a person does not comply with the requirement of performing the 
mandatory five prayers a day, the person is more than likely to observe the fast [12]. There 
is a documented case of a fasted Muslim individual who was involved in an accident and the 
medical emergency practitioner has advised for an infusion of saline. The individual then 
asked whether such an insertion would invalidate his fast; and commented that he rather 
died than ‘break’ his fast [13]. In the sporting world, Ali Karimi, the famous Iranian football 
player, was sacked from his club because he did not show respect to his religion, teammates 
and coach by refusing to perform the Ramadan fast without a valid health reason [14]. 


Modifications to Training 


One of the simplest ways to reduce the adverse impact of Ramadan fasting is to modify 
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the athlete’s training program. One of the training variables that can be manipulated to 
improve or maintain exercise performance during the month of Ramadan is the time-of-day 
of training. 


Time-of-day 


The available options for coaches and athletes to schedule training sessions are: 2-3 h 
after sahur, 1-2 h just before iftar, and 2-3 h after iftar. 


Training session after sahur: Prior to this session, the athletes would have consumed 
their sahur meals early in the morning, i.e., between 1-2 h before commencing training. 
Hence at this juncture, he/she would likely to be food- and fluid-filled. While in theory, 
the quality of the session may not be compromised, the training-induced adaptations of 
the session are not really ideal since post-exercise food and fluid can only be consumed 
>6-8 h (or longer depending on the duration of the day’s fast) later at iftar. Indeed, there is 
no effective recovery from training until nutrients are ingested by the athlete [15]. It could 
also be that training in the morning may lead to a poorer and less than optimal quality of 
effort situation since the athlete may likely to “pace” himself during the session to conserve 
energy. Thus, physically low- to moderate-intensity exercises, which include training for 
sport-specific skills, tactics and techniques, are usually recommended during this time of 
day session. 


Training session just before iftar: Training at this time of the day is advantageous since 
high level of motor coordination and other physical measures such as strength also tend to 
peak around the late afternoon or early evening period and arousal levels are closer to the 
optimum level for exercise performance, at least in the non-fasted state [16]. However, the 
quality of effort during the session during Ramadan is expected to be compromised due to 
the acute prolonged absence of food and fluid during the day prior to exercise. Furthermore, 
without nutrition as well as chronic daytime sleepiness, the fasted athletes will likely to 
experience early onset of fatigue and may face a heightened risk to injury [17]. It must be 
highlighted to readers that although the quality of training (defined as amount of work done 
during the session) might be compromised, the cellular effects of the mechanical work done, 
on the other hand, may be advantageous [9]. This view is supported by the findings that 
the magnitude of training-induced adaptations in the fasted state (i.e., performed in the 
afternoon) was equivalent to the same training in the non-fasted state [9]. A possible reason 
for this lack of difference in training-induced adaptations between chronic training in the 
fasted and non-fasted state was that post-exercise recovery was not compromised because 
fasting subjects were able to ingest flood and fluid immediately after their training sessions 
[9]. Thus, if training is to be conducted during the daytime in Ramadan, it is recommended 
that the session ends just prior to the breaking of the day’s fast to allow ingestion of food 
and fluid within the ideal window period to optimize cellular training-induced adaptations 
[9,18]. 


Training session after iftar: In a recent study, the effects of Ramadan fasting on 
performance during acute high-intensity exercise sessions were examined at three different 
times of day: 08:00 h (after sahur), 18:00 h (before iftar) and 21:00 h (after iftar) in well- 
trained Muslim athletes [19]. This study found that the most optimal time-of-day to perform 
high-intensity exercise is 1.5 h after the breaking of the day’s fast at 21:00 h. Others have 
also recommended Muslim athletes and coaches to schedule training session to the evening 
period [1,7]. A survey conducted has also shown that training in the evenings is one of the 
self-coping strategies predominantly adopted by elite Muslim athletes in Malaysia [2,3]. 
The major advantage is that session conducted 2-3 h after breaking fast provides the best 
opportunity to fuel and hydrate before, during and after exercise without restrictions. This 
is the only session that allows an optimal nutritional intervention that is similar to non- 
Ramadan training days. Moreover, there is a tendency for the Ramadan fasted individuals to 
adopt an “evening-type” behavioral profile [6] and hence the evening session is also within, 
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or close to, the ideal period of the athlete’s 24 h clock for performance and psychomotor 
skill [11]. However, high-intensity exercises performed 1-2 h before bedtime can negatively 
affect sleep quality [20]. Training late in the evening can affect the athletes’ normal sleep- 
wake cycle as they tend to fall asleep until much later (i.e., increased in sleep latency). This 
poor sleep quality may further be exacerbated with the need to wake up early to consume 
the sahur meal; which would mean a curtailed sleeping hours for the individual. When this 
pattern is repeated over days, there will be accumulated sleep debt that could be debilitating 
to the fasted athlete [21]. 


While modifying the time-of-day of training during Ramadan is a simple and useful 
strategy, its overall practicability is still debatable. For example, changing the time to train 
in a team sport setting where majority of the players are non-Muslims may not be acceptable 
or even applicable. Furthermore, it must be emphasized that training sessions should be 
conducted at the same time-of-day as the competition match or event time, regardless of the 
optimal time for training during Ramadan [22]. 


FITT principle for training 


In regards to modifying the training variables during Ramadan, the FITT (i.e., Frequency, 
Intensity, Time and Type) principles of exercise have not been widely discussed by researchers. 
Below are the specific recommendations for each component of the FITT principles during 
exercise for training in the Ramadan fasted state. 


Frequency: Twice a day training sessions are the norms for elite athletes. Such a 
frequency can be taxing for the Muslim athletes during Ramadan, especially for the second 
session of the day when resources are expected to be depleted (e.g., low muscle glycogen, 
dehydration and accumulated fatigue) after the first session. Nonetheless, such frequency 
of sessions can be kept the same during Ramadan period if coaches and athletes are able 
to convert one of the two training sessions to a less physically taxing session. For example, 
the first session in the daytime could be an easy run (low- to moderate-intensity) for the 
endurance athlete, or a tactical or set-play session for team sports athletes. It would be 
more ideal if the session is an “indoor training” such as video analysis and feedback on 
previous matches or of opponents’, psychological counseling, education or career talks. 


Intensity: Intensity refers to how hard an athlete works relative to his maximum 
capacity or capability [23]. Ramadan fasting occurs only once a year and athletes may 
require some time to adjust to the perturbations associated with the change in behavior, 
especially during the first few days of the month. The most significant perturbations 
have been reported to be during first week of Ramadan [22] and many athletes reported 
increased feelings of fatigue especially during the initial first few days of fast [2,3]. This 
is caused by the initial abrupt shift in many metabolic and physiological variables which 
tend to revert to normal levels or stabilize towards the later part of the Ramadan month 
[24,25]. Researchers have therefore proposed the concept of tapering to allow gradual 
adaptation or acclimatization to changes during Ramadan [26]. It was suggested that 
athletes train at relatively lower training load or intensity with reduced duration at 
the beginning of Ramadan to dissipate accumulated fatigue and maximize adaptation, 
and subsequently progressively increasing the training load towards the later part of 
Ramadan [26]. This tapering method would allow athletes to better adjust themselves 
to both the stress of physical training and to fasting regime. Another strategy is to 
commence the act of fasting (or at least partial fasting) in a step-wise manner over a few 
days or up to two weeks prior to the official start of Ramadan, while gradually introducing 
appropriate coping strategies. This is similar to the method used in anticipation of major 
change in time zone where people slowly adapt by changing their major sleep period over 
a course of a week prior to international travel [22,27]. In summary, it is emphasized 
that athletes should maintain the training intensity or load during Ramadan equivalent 
to that before Ramadan [4,26,28]. 
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Time (or duration of exercise): Regardless of intensity, it is important that sessions 
during the daytime in Ramadan do not last longer than 75 min (including warm-up and 
cool-down phases). Such duration usually means that hypoglycemia does not develop in 
fasted subjects, and more importantly, endogenous muscle glycogen will not deplete and 
limit exercise capacity [29]. Previous research has clearly shown that performance and 
capacity during moderate- to high-intensity exercises that are longer than 90 min tended to 
be limited by endogenous (both liver and muscle) glycogen [30] and possibly dehydration as 
well, which can lead to poor thermoregulatory processes. There is also evidence to suggest 
that fasted players faced greater risks to injury when fatigue levels were elevated [17]. Indeed, 
empirical studies suggest that players encountered higher risk for musculoskeletal injuries 
when they experienced greater level of fatigue [31,32], vis-a-vis Ramadan fasted athletes 
who are exerting themselves late during the match. Whilst this cannot be done during 
competition, coaches should consciously plan for the duration of the training sessions and 
allow for more frequent rest periods during session. Thus, it is reasonable to recommend 
that the duration of daytime physical training sessions during Ramadan should be kept as 
short as possible, without compromising the coach’s objective of the session. 


Type of exercise performed: If the athlete trains two sessions a day, it is best to convert 
one of the sessions to a less physically taxing session. As previously mentioned, the first 
daytime session could be an easy (low- to moderate-intensity) session or alternatively, a non- 
physical session. In addition, coaches will need to vary and be flexible with their training 
program during Ramadan period. Aerobic exercises, which are of low- and moderate- 
intensity as well as training for psychomotor skills can be conducted in the daytime while 
high-intensity training session should preferably be scheduled in the evening period. If 
daytime training is imperative, the high-intensity session should be performed just before 
the breaking of the day’s fast, rather than in the morning. It is also important to schedule 
some form of strength or resistance session, at least once a week in order to reduce total 
protein loss and preserve muscle mass [8]. 


Overall, it is important that coaches are flexible in their training programs and closely 
monitor the athlete’s responses to the training stimuli to ensure that the athlete is not 
physically overstressed. However, a reduction in training intensity could lead to a state of 
detraining and coaches should be aware of possible detraining effects during Ramadan. As 
previously suggested, the coaches could then plan a tapering period (especially by reducing 
training volume). 


Warm-ups protocols 


Although warming-up is critical prior to any training or competitive session, it gains 
more importance during Ramadan sessions for several reasons. Firstly, warm-up is useful 
in helping to reduce “sleep inertia” in fasted players who are planning to exercise soon 
after waking up from their daytime naps. Given that the mental state of readiness to 
train of Ramadan fasted athletes has been observed to be less than ideal [33,34], a well- 
planned warm-up can assist to ‘psych’ the athletes for optimal activation state for training 
or competition preparedness [35]. It is also important that the coach and athlete carefully 
manage the execution of the warm-up session so as not to ‘over-do’ the session. Too much 
or excessive warm-up can also lead to accumulative fatigue and too long a duration will 
increase heat exposure (gain in body temperature) and sweat loss (loss in body water); all 
of which could compromise the fasted individual’s thermoregulation processes later during 
the match or session, especially when exercising in a hot and humid environment. In the 
case of an evening session, a prolonged warm-up will clearly reduce the time available for 
the primary activity. Interestingly, a recent study showed that a 5 RM leg press maximal 
strength-type warm-up appears to result in better reaction times, jumping power and 
sprinting performance during a match simulation exercise compared to a traditional 
specific warm-up in soccer players [36]. The “strength” warm-up also elicited a lower core 
temperature and blood lactate responses during the simulation match. 
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Shephard (2012) recommended that a higher intensity of exercise is required during 
the warm-up session in the fasted state [8]. Given the relatively lower resting blood glucose 
concentration prior to exercise typically observed in the fasted state, it was argued that a 
high-intensity warm-up can help promote the rapid breakdown of liver glycogen and the 
mobilized glucose could then subsequently be used as supplementary fuel for muscular 
contractions during the primary or main activity of the session [8]. However, this was 
observed in the non-fasting state and should be studied during Ramadan. In summary, it 
is recommended that the warm-up session should be of appropriate intensity between ~60- 
70% VO,..,,, but short duration of 10 min or less, followed by several minutes of recovery 
[35]. 


Training environment 


Training sessions should preferably be carried out in a cool, shaded place as much and 
as often as possible. Exercising in a hot and humid environmental will result in a greater 
thermoregulatory challenge to the fasted athletes, whom have been shown to possess poorer 
sweating ability [33]. These conditions are further exacerbated given that Ramadan fasted 
subjects are likely to be hypohydrated and with the inability to replace sweat loss, can led to 
a higher muscle glycogen usage compared to the same exercise in cooler environment [37]. 
Clearly, exercising in cooler conditions will help reduce these debilitating effects of heat on 
physiological and perceptual responses, which are factors that could lead to poorer exercise 
performance [1,4]. 


Training organization 


There is a tendency for fasted Muslims to do less work than what they are actually 
capable of performing during exercise due to their self-perceived higher ratings of effort for 
the same amount of work done in the non-fasted state [22]. Consequently, it is suggested 
that the coach should dictate the amount of work to be performed by the athlete during 
the session in terms of the number of repetitions, sets, trials, rest period, speed of run and 
amount of weights lifted. This is because the athlete will perform to his own discretion, 
which will likely lead to a relatively lower amount of work done [4]. It is also recommended 
that the fasting and non-fasting athletes exercise together as a group, which helps create a 
positive ‘peer-pressure’ situation among the athletes [38]. Coaches should also provide verbal 
encouragements as much as possible to the players. Coaches should always emphasize 
and encourage the athletes to focus on the quality of their performance or execution of the 
exercises or skills throughout the training sessions. To further help ensure a high quality 
of effort throughout the entire session, the coach should provide more frequent, but shorter 
duration rest breaks in between exercises. 


Pre-Ramadan training initiatives 


Fitness levels: The rapid onset of fatigue among Ramadan fasted athletes can 
reduce quality of performance and/or increase the risk to injury. Thus, another strategy 
to attenuate early fatigue is to make the Muslim fasted athletes as fit as possible when 
approaching Ramadan. This strategy is often ignored by coaches but was clearly evident in a 
classic study where investigators examined the effects of Ramadan fasting on high-intensity 
endurance performance [33]. The investigators demonstrated that exercise performances of 
fitter fasted Muslims were less likely to be negatively affected by Ramadan fasting (and even 
if adversely influenced, the magnitude of impact is much less than in Muslims who have 
poorer fitness) [33]. Apparently, the physically fitter Muslims are able to cope better with 
perturbations of Ramadan fasting. This was indirectly supported by previous study showing 
that active fasted Muslims are able to conserve more body water as compared to less active 
ones [39]. Performance of well-trained athletes may be less affected by hypohydration than 
that of untrained individuals [40]. Trained individual is able to store more glycogen within 
the working muscles. Trained individuals are characterized with high levels of tolerance to 
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fatigue, positive attitude and greater mental strength than untrained individuals. In short, 
by making the athletes fitter, the fasted Muslim athletes will face the physical challenges of 
training and competing whilst fasting with greater self-confidence [33]. 


“Habituation” to Ramadan fasting: In a recent study, subjects were made to exercise 
in a hypohydrated state on several occasions [41]. Whilst performance in the hypohydrated 
state was much lower compared to performance in the euhydrated state, the decline in 
performance in the later hypohydrated trials was progressively attenuated. The investigators 
argued that in the later trials, subjects seemed to be “habituated” or have somewhat 
adapted to the physical and mental stress of exercising in the hypohydrated state and hence 
performance was less adversely affected [41]. In the same manner, it can be reasoned that 
fasting individual can also habituate himself to cope with exercises in the less than optimal 
Ramadan fasted state. For example, the Muslim athlete could practice the fast during the 
year out of the period of Ramadan, especially during the month before fasting, which could 
habituate the individual to Ramadan observance later on. 


Regular monitoring of training variables 


An important strategy is to regularly monitor the fasted athletes’ responses throughout 
the Ramadan period so as to have a better understanding of how the athletes are coping 
with both fasting and training at the same time [1,26]. The key challenge for the coach 
and management staff is to determine those useful variables that will provide insightful 
information of the athlete’s status, but are yet practical, non-invasive and simple to measure. 
Below are some possibilities suggested: 


Training intensity and/or load: It is worthwhile to assess the athlete’s training intensity 
and/or load during Ramadan fasting to ensure that the fasted athletes are provided with 
sufficient training stimuli. This is to ensure that they do not to suffer from detraining [26] 
and at the same time, to not overly stress them until they have overreached or overtrained. 
In this regard, measuring the athlete’s subjective perceived ratings of the session using the 
categorical Borg’s RPE 1-10 scale [42] is a simple and practical tool to track the physical 
load that the fasted individuals are experiencing over all the training sessions performed 
during the Ramadan month [38]. When these values are compared with the non-fasted 
players, the difference or similarity observed may allow the coaching staff to determine the 
overall physical and mental stress that the fasted athletes are experiencing. A consistently 
high RPE during low-intensity training can help detect early signs of overly physical fatigue 
where coaching staff can make adjustments to the individual’s training stimulus accordingly 
[1]. Obviously, there are other measures that can also be taken to assess the training loads 
of individuals such as mileage covered, total amount of weight lifted and percentage of 
maximal heart rate; however, using session-RPE and duration of training to assess training 
load are much simpler and practical [43]. 


Readiness to train: While the session-RPE helps to provide inputs on what the athlete 
is experiencing during training, the coaches can also do a simple assessment of the athlete’s 
willingness and desire to train as well as fatigue levels prior to training. Previous study has used 
a simple visual analogue scale, with word descriptors anchored at both ends of the 100 mm 
line that expressed the two most extreme ratings of the variable [44]. The athlete simply mark 
his perceived physical and mental conditions (i.e., defined as the athlete’s readiness to train) 
along this line, just prior to the commencement of exercise. A consistently low or poor response 
over several consecutive training sessions would flag something has gone amiss with the fasted 
athlete. The coaching staff could then conduct a more detailed follow-up investigation on the 
athlete e.g., clinical assessments to determine the cause of the poor pre-exercise attitude. 


Modifications to Nutrition 


The absence of nutrients for a prolonged period of time can result in hypoglycemia and 
lowers the amount of endogenous glycogen concentration. Thus, the most fundamental 
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issue with nutrition is that the athlete will need to take into account the type, amount and 
the time of day of food ingestion in order to optimize the endogenous substrates storage 
for future use during exercise. Therefore, the same FITT principle used in training will be 
applied to the modifications of dietary intake during Ramadan. 


FITT principle for nutrition 


Below are the specific recommendations for each component of the FITT principles for 
nutrition during exercise in the Ramadan fasted state. 


Frequency: During Ramadan, there is evidence to indicate that meal frequency is 
reduced from 3-4 meal sittings to only twice a day [45]. This is not ideal for training and 
competing athletes because fasted individual’s daily caloric intake over the 24 h period 
during Ramadan should be similar to that consumed during the non-Ramadan month. It 
is thus recommended that Ramadan’s sahur meal to be matched with the normal lunch; 
Ramadan’s iftar meal to dinner; and Ramadan’s night snack with the typical morning 
breakfast [4]. Thus, matching the typical three main meals during the normal non- 
Ramadan period to Ramadan meals sittings will help in ensuring that the athletes will likely 
to consume sufficient amount of calories over the 24 h period during Ramadan. 


Intensity (or amount): Athlete should ensure that his total energy intake is able to 
support the energy requirement for performance and recovery as well as satisfy the overall 
needs for food and fluid for the day. The recommended amount of important nutrients 
including carbohydrate and protein for athletes has been previously outlined [18]. There is 
documentary evidence of athletes consuming five to six small meals over the day. For such 
athletes, it may be necessary to adopt the practice of over-consumption over the two meals 
sittings during Ramadan to maintain the necessary sufficient calories. These athletes may 
also need to consume nutrient-dense food to be able to obtain the same calories with less 
frequent meals. There are studies suggesting that some Muslims do not consume their sahur 
meals [3,46,47]. This is not an acceptable practice and should not be condoned because 
without ingesting sahur, the body will be in the fasted state for a much longer duration 
than necessary which will likely compromise daytime exercise performance. Sahur is the 
last opportunity for fasted athletes to be able to put nutrients in their body and hence the 
athlete who is planning to fast should take full advantage of this meal. 


Timing: Athletes should be reminded to consume their sahur meal as close as possible 
to sunrise just before the commencement of the day’s fast while iftar to be taken immediately 
at sunset once allowable to break from fasting [4]. This strategy will ensure that the body is 
in the ‘fasted state’ for the shortest period possible. It is well established that the best time 
to consume food and fluid for recovery is the period immediately after exercise, especially 
after heavy training. There is a ‘window of opportunity’ for higher rates of glycogen storage 
during first 2-4 h post-exercise |18]. Thus, this supports the argument that if heavy training 
is to be conducted during the daytime in Ramadan, the session should be timed such that 
it ends just prior to the breaking of the day’s fast to allow unrestricted ingestion of food and 
fluid for enhanced post-exercise recovery [9,18]. 


Type: There are three main types of nutrients that the physical body needs on a daily 
basis: carbohydrates, proteins and fats. A recent review, however, suggested that during 
Ramadan, there was a greater tendency for Muslims to consume a greater amount of fats 
and at the same time reduce their carbohydrate intake [45]. A possible reason for this is that 
Muslims tended to choose dense-nutrient food to compensate for the fewer meal sittings 
over the 24 h period. Nonetheless, food taken by athletes for iftar and sahur should contain 
predominantly nutrients of carbohydrate and protein. 


In regard to the “ideal” types or composition of food for athletes during Ramadan, it is 
recommended that low Glycemic Index (GI) food is taken for the breaking of the day’s fast 
meals (iftar), especially when athletes plan to exercise soon after the post-prandial period. 
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Previous studies have shown that consuming low GI meals from 0.25-4 h of consuming the 
meals can lead to an increase in the availability of carbohydrate and a greater carbohydrate 
oxidation throughout the exercise period, leading to enhancement in endurance performance 
[48-50]. These studies’ authors argued that the ingestion of low GI meals slowly released the 
endogenous sugars into the blood stream and thus sustained the body’s energy production 
towards the later part of the endurance exercise, which could theoretically improve 
performance. This seems ideal if the Ramadan fasted individual is planning to partake in 
prolonged strenuous exercise after iftar. In contrast, it is likely that high GI meal is beneficial 
when consumed for the sahur meal. The high GI meal will lead to higher peaks of glycaemia 
and insulin responses. This will then result in a relatively greater muscle glycogen being 
stored during the post-absorptive fasting period as compared to consuming a low or normal 
mixed GI meal [51,52]. The enhanced levels of endogenous glycogen stored during the first 
few hours of the post-absorptive period can then be subsequently used as energy substrate 
during exercise much later (i.e., 8-10 h after sahur). 


Other studies, however, have proposed slightly different strategies. For example, it 
has been suggested that fasting individuals should consume a high carbohydrate diet for 
the iftar meal (for the previous evening) to maximize the muscle glycogen stores and then 
consume food high in fats for the sahur meal (on the day of the event) in attempt to slow 
down the rate of ingestion and thus gastric emptying [8]. It is reasoned that this strategy 
will reduce the feelings of hunger during the fasting period and at the same time sustain 
the endogenous energy substrate until exercise commences during the daytime. Muslims 
traditionally consume fruits, dates and milk when breaking their fast. Although this advice 
has been recommended since the ancient times, the scientific evidence for this practice is 
not clear. Nonetheless, it has recently been shown that the date fruit is an advantageous 
nutrient because it is a low GI food and it is caloric-dense [53]. Milk contains a high amount 
of protein and recent studies have indicated that adding a small amount of protein to 
carbohydrate clearly has been shown to further enhance absorption of carbohydrate and 
thus storage of muscle glycogen [54]. Additionally, the ingested protein will promote amino 
acid re-synthesis and muscle re-building [55]. Protein is critical as previous studies have 
shown that ingestion of this nutrient helps to maintain lean mass integrity with greater 
efficacy, even in those who do not perform resistance training [56]. This is important given 
that there is a real concern of ‘detraining’ effects, specifically muscle-wasting due to possibly 
substantial reduction in the overall training stimulus and/or lower caloric intake during 
the Ramadan month [26]. Thus, the combination of low GI meal and protein (i.e., dates and 
milk) seems to provide the best mixed meal during iftar, although scientific experimental 
studies are required to confirm this assertion. Whilst all the different nutritional strategies 
highlighted above are theoretically plausible, there is no direct experimental evidence 
available to support that they are better than consuming a normal diet during the Ramadan 
period. 


Regular monitoring of nutritional-related variables 


As with training, there are also several variables that need to be monitored in regard to 
nutritional aspects of the Ramadan fasted athletes. These are: 


Body composition and/or body mass: Ideally, all athletes should be monitoring their 
body fat levels throughout the Ramadan period. This will help them make accurate decisions 
on their caloric intake over the Ramadan month. However, if equipment and expertise are 
not easily available to assess the athlete’s body composition, then the simple recording of 
athlete’s daily body mass upon waking up in the morning can be useful. Daily body mass 
typically varies within 1.0-1.5 kg, and hence any change in magnitude above or below 
this value accumulated over several days might be an early warning. For example, gradual 
lowering of body mass over several consecutive days might indicate that the athlete may be 
losing lean mass (from detraining effects) and/or is not consuming sufficient calories or not 
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hydrating adequately over the days. On the other hand, a gradual increase in body mass 
could be due to higher caloric intake. Thus, monitoring of a simple variable such as body 
mass allows the coaching staff to detect responses in the athlete’s status and investigate 
any observed discrepancy. 


Blood glucose concentration: Given the prolonged period of acute fasting (>12 h), 
there is a possibility that some individuals may experience hypoglycemia [46]. Thus, it 
is imperative that coaches or athletes assess the blood glucose concentration during 
Ramadan fasting to routinely check if any individual is susceptible to low blood sugar 
levels. Perhaps, periodic assessing, every 2-3 h during the first few days of Ramadan fast is 
encouraged. Technological advancement has made measuring blood glucose concentration 
less cumbersome and portable, where self-assessment is easy. 


Sports supplements: These “food” are portable and hence are easily accessible when 
urgently required, e.g., when breaking fast at competition or training sites where nutrients 
are not easily available. Supplements also made ingestion easier as they are compact and 
allow faster absorption of nutrients into the body, especially when the need to exercise 
soon after the breaking of the day’s fast is of upmost importance. This may be particularly 
useful for fasted athletes who have prevailing gastrointestinal problems [18]. However, food 
supplements should be used sparingly because of their relatively higher costs involved and 
due to the need to obtain a well-balanced dietary intake. 


Modifications to Hydration 


The inability to ingest fluid many hours before exercise may lead to athletes training in 
hypohydrated state at pre-exercise. This hypohydrated state is made worse during exercise 
in the daytime during Ramadan, since the individual is not able to ingest fluid throughout 
the exercise, leading to acute dehydration [57]. Research has shown that pre-exercise 
hypohydration as little as ~1-2% of body mass can reduce performance of short duration, 
high-intensity exercises [1]. Exercises of longer duration or in a heat stress environment are 
more likely to be affected at lower levels of hypohydration, and of subsequent dehydration 
as a result of exertion during exercise. 


The amount of sweat loss at the end of an exercise session varies between less than 0.5% 
to more than 3% for different individuals for the same exercise. It must be highlighted that 
dehydration, even for a small magnitude, example 1% of body mass, has been shown to 
increase the individual’s subjective perception of fatigue, and decrease his levels of alertness 
and concentration [58]. In fact, it is reasonable to argue that for the Ramadan fasted 
individual, the lack of acute fluid intake before and during exercise will result in greater 
physiological consequence than that of food intake, especially if the exercise is performed in 
a hot and humid environment. The main aim of the hydration strategies during Ramadan 
is to minimize pre-exercise hypohydration and fluid loss (i.e., dehydration) during exercise 
session. Additionally, the coach and athlete need to be aware of the different environmental 
conditions that can exacerbate the effects of hypo- and de-hydration during exercise, and 
take these into considerations when planning for the volume of fluid to be ingested, prior to 
the start of day’s fast. 


FITT principle for hydration 


Similarly, as in the case of nutrition, the FITT (frequency, intensity (or amount), timing 
and type) principles of hydration need to be taken into consideration when trying to optimize 
the exercise performance of the athletes during training or competition in Ramadan. 


Frequency: It is recommended that athletes hyper-hydrate themselves during the 
permissible period between iftar and sahur. During this period, athletes are advised to 
spread the fluid consumed throughout the available time, with frequent small amounts 
of drinks rather than ingesting large volumes in a single seating. This “grazing” pattern of 
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fluid ingestion will help to retain greater fluid and reduce unnecessary urine losses. Fluid 
consumption should be paced at a rate of ~200 ml for every 30 min [4]. Fluid retention is 
further enhanced when osmotically active agents such as sodium salts are added to the 
ingested food and drinks [59]. Nonetheless, it must be highlighted that too much fluid 
consumed in total volume can potentially lead to disrupted sleep because of the frequent 
need to use the bathroom throughout the night. Another possibility of increasing fluid 
retention is to consume fluid together with glycerol, which helps to retain the fluid in the 
body [59]. This method however, is deemed as illegal for competitive athletes, and hence will 
not be discussed further here. 


Intensity (or amount): The European Food Safety Authority recommended that the 
total water intake over 24 h is ~2.5 L per day for adult individuals living in temperate 
climate [60]. There is no suggested value for individuals in equatorial region, but a volume 
of ~3.0 L per day seems reasonable, and probably Ramadan fasted athletes may require a 
slightly higher volume [4]. Ideally, the total volume of fluid to be ingested should be preset 
to the specific individual needs. Therefore, it may be useful to obtain a more individualized 
fluid requirement over the 24 h period during Ramadan. To do this, the athlete can simply 
weigh himself before and after a typical training session to obtain the estimated amount 
of fluid loss from sweating during exercise (this should be trialed out in the non-Ramadan 
period). The formula is as follows: Sweat loss = Change in body mass + Fluid intake during 
exercise — Urine output [61]. This calculated fluid requirement can be used to determine the 
individual’s total volume for the day during Ramadan. 


Timing: Similar to the nutritional strategy, the athlete is encouraged to ingest fluid as 
soon as permissible and also to ingest as much as possible throughout the nocturnal period 
until the commencement of the day’s fast, using the above-mentioned grazing technique. 


Type: While plain water is acceptable, it is unlikely that many athletes would want to 
consume only water throughout the period between iftar and sahur. Thus, fluid should be 
of varying flavors to promote voluntary consumption of as much fluid as possible. Athlete 
should also consume only a small amount of coffee and tea since they are diuretic which 
promote fluid excretion rather than retention. 


Hydration status monitoring 


Simple markers of hydration status, including urine frequency and color, can be used to 
monitor the hydration status of the athlete on a daily basis. Frequent assessment of urine 
color, either daily upon waking and/or throughout the day will, to some extent, help athletes 
and coaching staff assess the hydration status of the individual. A normal dehydrated 
individual will have a light yellow urine color, whilst a darker yellow urine color implies a 
greater state of hypohydration [62]. Such information, combined with data on body mass, 
can provide a more accurate assessment of the fasted individual’s hydration status. 


Cooling techniques 


During daytime training, fasted subjects are not able to consume fluid before, during and 
after exercise, and are therefore hypohydrated at pre-exercise and experience dehydration 
during exercise. These conditions will compromise thermoregulatory process that could 
affect exercise performance. Thus, external cooling techniques such as ice baths, cold 
towels, plunge pools and ice vests can be used before, during and after exercise to reduce the 
impact of heat generated and hence attenuate thermoregulatory concerns [63,64]. Coaches 
and athletes should also choose appropriate clothing that allows better dissipation of sweat 
produced and promotes cooling during exercise in the Ramadan fasted state [1]. 


Mouth-rinsing strategy 


Fasted Muslim athletes have been observed to rinse their mouth frequently during 
training [34]. Anecdotal evidence indicated that this simple strategy seems to provide 


214 


subjective relief, albeit only temporary. This view is supported by a recent study showing 
that mouth-rinsing with either carbohydrate or water at every 10 min intervals during a ~55 
min time-trial cycling performance in the Ramadan fasted state led to a better endurance 
performance when compared to no-mouth rinsing exercise trial [65]. Nevertheless, additional 
studies are required to confirm these findings. 


Rest and Recovery 


Athletes must pay close attention to lifestyle and behavioral factors that may be affected 
during Ramadan in order to balance all social, religious obligations and sport activities 
with proper rest and sleep. During Ramadan, Muslims usually wake up early at pre-dawn 
and with the added social and religious activities that take place after sunset, can lead to 
~1-2 h of sleep lost per day [21]. When this acute sleep debt occurs over consecutive days, 
the accumulation of sleep loss will eventually lead to chronic sleep deprivation, which in 
turn could affect physical and mental performance directly or indirectly via mood swings 
or feelings of lethargy [6]. Hence, rest and recovery gain greater importance in the athlete’s 
overall training program during Ramadan. In a recent study, albeit not on Ramadan fasted 
athletes, investigators compelled a group of basketball players to extend their sleeping 
hours beyond their normal habitual hours [66]. Following two weeks of the “extra sleep”, 
there were significant improvements in the players’ sprint times, free-throw accuracy and 
levels of vigor and positive moods. These results suggested that increasing the amount of 
sleep may positively influence exercise performance [66]. In summary, chronic sleeping 
deficits in fasted athletes must be avoided at all cost and sleep management strategies 
must be implemented to ensure adequate rest and recovery during Ramadan. Below are 
additional steps or behavioral patterns that athletes can adopt to enhance their overall rest 
and recovery situation during Ramadan. 


Minimising uneventful physical exertion during daytime 


Ramadan fasted athletes should minimize any unnecessary physical exertion during the 
daytime period to limit the use of precious available endogenous resources such as muscle 
and liver glycogen, and blood glucose. This is also to prevent the occurrence of accumulative 
physical fatigue, which could hamper exercise during the later part of the day. 


Afternoon and/or planned naps 


Non-Ramadan studies showed that daytime naps increased acute alertness and neuro- 
behavioral functions [67]. Sprint performance was also enhanced following a 30 min 
afternoon nap [68]. Ramadan fasted athletes are therefore recommended to take afternoon 
or planned naps at appropriate time during the daytime because of the reduced sleeping 
hours at night. Planned naps for 30-40 min can significantly improve alertness. However, 
it is advised to best avoid prolonged (>60 min) daytime naps and/or naps close to bedtime 
as this will tend to disturb nocturnal sleep and make it more difficult for the individuals to 
adjust to the changing biological clock [69]. It is also suggested that vigorous exercise and 
complex coordinated movements should not be planned within an hour after a long daytime 
nap, as ‘sleep inertia’ or grogginess is present upon waking, although an appropriate warm- 
up may help to alleviate this condition (see Modifications to Training section). Afternoon 
naps will also aid Ramadan fasted athletes to take their minds off food and fluid, and thus 
‘shortening’ the time towards iftar. Otherwise, fasted athletes can sleep ~1 h earlier in the 
evening instead of taking naps during the day [4]. 


Onset and duration of sleep 


As previously highlighted, exercise in the evenings should also be timed sufficiently in 
advance of bedtime to reduce sleep latency, which is the duration for an individual to fall 
asleep. Wilson et al., (2009) recommended a simple strategy where athletes should extend 
their sleeping hours until mid-afternoon period before waking up [70]. This means that the 
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athlete will not be involved in any substantial physical exertion and this helps to conserve 
the limited acute energy resources available to athletes who are planning to exercise later 
during the day. Psychologically, this will also reduce the duration of feeling of hunger and 
thirst. 


Ideally, the sleep schedule designed for Muslim athletes should be individualized based 
on chronotype [71]. Thus, if athletes are the morning types, they should sleep earlier in 
the evening while if they train more towards the evening, thus their sleep time would be 
later in the evening. Athletes should take steps to ensure that their sleep routines are 
not disrupted. Coaches should ensure that all briefings and team discussions do not 
siphon away the athlete’s sleeping time. Another strategy is to prepare for the new shift 
in sleeping pattern gradually approaching the Ramadan month [27]. For example, several 
days prior to Ramadan, the athlete can start to progressively get used to a new sleep- 
wake cycle according to the regime that they will experience during the month of Ramadan. 
This includes progressively shifting their sleeping and eating schedules to match those in 
the fasting month [8,22]. Interestingly, a recent report highlighted the potential use of red 
light laser treatment to enhance sleep quality. The study’s researchers showed that 30 min 
of daily exposure to red light therapy laser for two weeks enhanced various indicators of 
sleep and daytime sleepiness [72]. This study demonstrated an innovative, non-invasive and 
more importantly, non-pharmaceutical method to enhance sleep, which may be potentially 
beneficial for use in Ramadan fasted individuals. 


Sleep quantity and quality 


Several common-sense strategies can be easily implemented to ensure optimal sleep 
quantity and quality during Ramadan. Firstly, athletes should be encouraged to take daytime 
naps to compensate for the shorter nocturnal sleep hours. Secondly, the athlete may need 
to plan a fixed sleep schedule to ensure that sleep hours are maintained throughout the 
fasting month [1]. Diligent daily recording of sleep pattern into a daily logbook, such as time 
to bed and time of awake, is useful to monitor the athlete’s sleep pattern. However, the data 
obtained during the Ramadan period need to be compared with data from the non-Ramadan 
period to allow an accurate assessment of the subject’s sleep needs. Others have also used 
validated sleep questionnaires to assess the fasted athletes’ daytime sleepiness [33]. Athletes 
must realize the importance of sleep as part of their overall rest and recovery strategies, and 
prioritize sleep time over their evening social activities to increase sleep time [66]. 


Education on the importance of adequate sleep 


In a recent survey, it was found that fatigue-related injuries were related to less than 
6 h of sleep in the evening prior to the occurrence of the injury [73]. Hence, coaches and 
athletes should also be educated on the importance and benefits of sleep as a primary form 
of recovery as part of the athlete’s overall training program. They must also be aware of the 
sleep needs of the athlete and the impact of nocturnal meals and physical activity on sleep 
architecture including those situations and/or factors which can worsen sleep loss (e.g., 
pre- and post-competition insomnia, heavy evening training sessions or social activities, 
etc). This is important because a previous study has shown that athletes tended to misjudge 
the amount of sleep required to perform at their peak level [66]. Thus, a general educational 
program should be made available to all Ramadan fasting athletes and coaches focusing on 
the importance of sleep [71]. 


Psychological and Cognitive Impact 


Optimal cognitive functioning helps athletes in concentration; learning and remembering 
new skills; reacting appropriately to stimuli; solving problems or decision-makings; all of 
which are useful in many sports. Thus, impairment to the cognitive function can affect the 
outcome of a competition, or in the worst case, result in injury [74]. Physical and mental 
performance, including cognitive function, fluctuates across the day during Ramadan due 
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to changes in the circadian rhythm of the body [1]. Several recommendations are compiled 
to help reduce the negative effects of Ramadan on the cognitive and mental performance of 
athletes. 


Coaches and non-Muslim teammates should try to provide every support possible to 
Muslim athletes who have indicated the desire to fast. Emotional support from non- 
Muslim teammates and coaches is very important for a more cohesive team dynamics. 
Coaches can make some effort to appreciate and understand why the Muslims fast, 
and what the Muslim athletes are going through [11]. This may help the coach plan 
and organize the athlete’s training program to better suit the fasting athlete’s Ramadan 
regime [11]. Furthermore, knowing that the coach is fully supportive of his decision 
will strengthen the fasted athlete’s conviction to do his best and maximize his effort in 
training and competition. 


In contrast to Chamari et al., (2012), it has been reported that fasting athletes actually 
experienced less stress during Ramadan [2]. This could be due to the athlete’s personal 
spiritual belief and the act of Ramadan fasting itself, where a Muslim individual is 
expected to engage in daily prayers, sacrifice and self-control, which can lead to a 
positive state of mind. Fasted athletes should be encouraged to regulate and mobilize 
their emotions and psychological resources towards a more positive approach which 
can enhance his sporting performance. Additionally, there were reports stating that 
Muslim athletes felt much stronger or “more powerful” when competing in the Ramadan 
fasted state [75]. Apparently, these fasting athletes became more determined, i.e., 
mentally stronger or possessed a greater level of motivation to do well and perform 
their best during training or competition whilst in the Ramadan fasted state [3]. Thus, 
athletes are recommended to maintain an overall positive mental perspective of the 
Ramadan fast in order to help them cope with the rigors of training during fasting. 


The human circadian system provides coordination of many endogenous physiological 
and behavioral systems, such as core body temperature and sleep-wake pattern, with 
each other and with the external environment. The circadian system is entrained 
to the 24 h day via exposure to the Earth’s 24 h light-dark cycle, and some of the 
peaking of these variables is parallel with peaking in exercise performances [76]. 
During Ramadan, delay in evening sleep times and early or delayed awake times 
can significantly alter the natural circadian rhythm and this drastic shift has been 
touted as one of the contributing factors for the observed negative impact of fasting on 
exercise performance [1,7]. For example, the athlete may always perform his best in 
the late afternoon or early evening in non-Ramadan period, but this “top” performance 
may be delayed to the late evening period during Ramadan due to the drastic shift in 
his circadian rhythm [24]. Therefore, coaches and athletes should be aware of such 
disturbances that can cause much variability in their performance and/or capability 
when planning the athlete’s training programs [1]. 


Athlete’s mood and motivation can also be severely affected during Ramadan. Therefore, 
it is recommended for the athletes to practice some mental preparation strategies such 
as task focused concentration, positive expectations, correct execution of task and 
emotional control, throughout Ramadan. This is to develop proactive coping strategies 
for improving general resources required to reduce or attenuate the discomfort of 
fasting during Ramadan [2]. Moreover, in line with the teachings of Islam, the athlete 
is reminded to adopt a more patient approach in their dealings with any stressful 
or conflicting situations during Ramadan. This will clearly help the athletes to cope 
better when fasting and training at the same time. Coaches should also be aware of 
the variability in performance capacity and/or capability over the day when planning 
or modifying their training programs [1]. 


Interestingly, previous studies have also assessed the fasted individuals’ ability to train, 
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alertness and concentration and other variables as indicators of the fasted individuals’ 
fatigue levels [9,33,44]. These studies have used psychological instruments tests such 
as the Profile Mood of State to determine the individuals’ mood levels prior to exercise. 


e Previous Ramadan fasting and exercise studies have shown two consistent findings: 
i) exercise performance is likely to be poorer during the initial first week of Ramadan 
month, and ii) performance tends to be better (albeit still lower than during non- 
Ramadan days) as Ramadan progresses. These findings suggested that Muslim 
individuals are able to cope with the negative perturbations of Ramadan, if given time 
to adjust. Thus, in situations where the athlete needs to compete during the first few 
days of Ramadan, there is clearly a need for the athletes to “familiarize” themselves to 
exercising in the fasted state. The coach may need to organize simulated matches that 
compel the athletes to compete or exercise in the “simulated” Ramadan fasted state, in 
preparation to competitions held during the early part of the fasting month. 


Ideal Twice-A-Day Training Sessions Model for Athletes during Ramadan 


Compared to twice-a-day training sessions, a single session per day is not likely to have a 
great impact on the fasting individuals. Here, we proposed two twice-a-day training sessions 
models (Figures 1 and 2) that have taken into account majority of the factors and issues 
which have been discussed in the preceding sections of this paper. Note that the proposed 
timings below are based on the assumption that the duration of the Ramadan fasting is 
~13-14 h per day, and thus some modifications of the exact timings are certainly required 
for those residing in the Western hemisphere where the daily fasting duration may last up 
to ~18 h. 


P.M./ 

A.M. Noon P.M. P.M. AN. 
95:00 06:00 - 08:00 h 08:00 - 10:00 h 11:00 - 12:00 h 12:00 - 17:30 h 17:30 -19:15 h 19:15 - 20:00 h 20:30 - 22:00 h cae 
05:30 h ; i ; i ; ; ; ; ; ; ; ; ; ; 05:00 h 

Train (non- 
Eat & physically Train (high- 
drink Sleep/ challenging Eat & drink intensity 
(Sahur Rest / technical eeynae oe mes! (Iftar meal) exercise) and PIEEP 
meal) exercise Eat & drink 

session) 
Daylight Darkness 


Figure 1: Model A for a suggested twice-a-day training sessions for Muslim athletes during Ramadan. Model modified from Reilly 
and Waterhouse (2007) [27]. 
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A.M. Noon P.M. P.M. AN. 
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ae Sleep/ Rest challenging Day na Rest foes eon mest andor Bat Slee 
p / technical ae ied (Iftar meal) & drink p 
meal) . exercise) 
exercise 
session) 
Daylight Darkness 


Figure 2: Model B for a suggested twice-a-day training sessions during Ramadan (when training after breaking of the day’s fast is 
not feasible). Model modified from Reilly and Waterhouse (2007) [27]. 


Conclusion 


Ramadan fasting can have a negative impact on athlete’s exercise performance, which 
can influence training and competitions outcomes. Ramadan observance involves the 
deprivation of several aspects of one’s primary needs, and this review suggests that there is 
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no single approach but rather, a unison of several strategies to try to circumvent or reduce 
the adverse perturbations of Ramadan fasting. This includes implementing or applying 
different aspects of frequency, intensity (amount or volume), timing and types of training, 
nutrition, sleep, rest, and even personal lifestyle and social behavioral strategies. 


Disclaimer 


The above statements are those of the personal views of the authors and are not the 


official view of the Ministry of Defence, Brunei Darussalam. 
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